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Abstract 
Video games have become pervasive throughout contemporary culture, 
offering enjoyable, unique and transformative experiences predicated on the level of 
interactivity that they provide players. The control interface thus plays an important 
role in the medium’s accessibility and experience by facilitating the connection 
between the player and the game. Control interfaces have evolved over time as new 
technologies emerged that support new ways to play. Some of these control 
interfaces use natural mapping, or a stronger correspondence between the player’s 
physical control actions and the virtual response provided by the game. This design 
strategy supposedly improves accessibility and the player’s connection with the 
game; however, understanding of the true intuitive potential of natural controls or 
their power over the experience of play for different player populations is limited. 
This thesis builds on existing research across multiple fields to explain the influence 
of different types of naturally mapped control interfaces (NMCIs) for video games 
on the player experience and intuitive interaction. Player characteristics were also 
considered in order to determine their influence over these types of responses. 
Two controlled repeated-measures experiments were conducted for this 
research programme, each using a unique game and three NMCI types as stimulus 
materials. An existing typology of NMCIs was used to classify the six control 
interfaces, covering all four of the identified NMCI types. The first study tested a 
traditional control interface and two different types of steering wheel controllers in a 
racing video game. The second study tested three different types of motion-control 
interfaces in a tennis video game. A range of player characteristics were also 
measured to determine how these factors can influence the way different NMCIs 
inform the player experience and intuitive interaction. These included new measures 
of familiarity, adapted from previous intuitive interaction research, to precisely 
capture previous experience relevant to the control interfaces and simulated activities 
of each game. Empirical measurement of intuitive use with each control interface 
was also captured, while a range of subjective self-response measures were sampled 
following play to gain a broad view of the player experience impacts and cross-
reference perceived intuitive use.  
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Analysis of the results revealed that the more naturally mapped control 
interfaces were more preferred and largely showed a positive influence on the player 
experience and intuitive interaction measures. Increased natural mapping in the 
control interface was shown to offer some compensatory effects for reduced levels of 
previous gaming experience, especially in the first study, where familiarity was 
lower with these interfaces and mixed intuitive use results were revealed. 
Interestingly, in the second study, more naturally mapped controls consistently 
revealed positive patterns, even though the only difference between the two most 
naturally mapped control interfaces was related to form and aesthetics. Player 
characteristics also further explicated the influence of NMCIs, reinforcing and 
challenging various assumptions related to perceptions of motion controls in the 
broader gaming population. 
The significant contributions of this research include a richer understanding of 
the impact of NMCIs on the player experience of video games. This project also 
represents important initial empirical work that shows how NMCIs can affect 
intuitive interaction with video games. Both of these contributions are furthered by 
insight into how the player’s different characteristics, including their relevant 
familiarity levels and demographic attributes, influenced these responses to reveal 
distinct findings. Additional contributions include broader and deeper understanding 
of the NMCI types themselves, including a new NMCI Dimensions Framework that 
can be used to assess the dimensional attributes of natural mapping in the control 
interface. These contributions are relevant to academia and industry alike, detailing 
how the level of natural mapping in the control interface can strongly influence the 
accessibility and experience of digital entertainment. 
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Chapter 1 Introduction 
This chapter presents a brief outline for the overall research programme, with 
section 1.1 examining the research context background. Section 1.2 presents the 
research problem, and section 1.3 outlines the research programme aims and 
significance. Section 1.4 summarises the research programme contributions, and 
section 1.5 concludes the chapter with an overall thesis outline. 
1.1 BACKGROUND 
Video games have become a mighty entertainment industry, with global 
consumer spending on digital games reaching a record US$61 billion in 2015 
compared with a record US$38.3 billion spent at the film box offices during the same 
year (MPAA, 2016; Tom DiChristopher, 2016). As video games have matured, one 
of the key drivers of change and growth for both the medium and the industry has 
been innovation in the design of control interfaces (Skalski, Tamborini, Shelton, 
Buncher, & Lindmark, 2011; Wada, 2011). From the introduction of the analogue 
thumbstick to the mass popularity of motion-controlled gaming with the Nintendo 
Wii, this innovation has often been tied to an increase in the level of natural mapping 
between the control interface and the game. 
Naturally mapped control interfaces (NMCIs) for video games draw on 
physical and cultural analogies to increase the level of correspondence between the 
physical control interface and the virtual effects in the game world to which the 
control inputs are mapped (Skalski et al., 2011). This has always been a feature of 
video games, dating from the earliest control interfaces, which used natural mapping 
in the form of directional correspondence: turning a control knob anti-clockwise or 
pressing left on a joystick would cause the player’s ‘character’ on screen to also 
move to the left. More recently, technological advancements have allowed for new 
control interfaces that elevated correspondence to full motion tracking, so that the 
player’s movement of their body in 3D space could be mapped into the virtual world. 
In the previous generation of consoles, this technology found mainstream popularity 
with the release of the Nintendo Wii, Microsoft Kinect and PlayStation Move 
(Nintendo, 2016a; Peterson, 2011; Steinberg, 2011). Game developers have also 
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attempted to increase natural mapping in the control interface in other ways, such as 
by making the look and feel of the control interface more like the equivalent real-life 
interface that game is attempting to simulate (e.g. fishing rod peripherals, tennis 
racquet attachments for motion controllers, etc.). Other technologies have also 
facilitated different, sometimes complementary, approaches to integrating higher 
levels of natural mapping in video games, including the use of touch, voice, haptic 
feedback, cameras and virtual reality displays. As a whole, NMCIs are claimed to 
offer more intuitive and transformative experiences for players compared with 
traditional control interfaces (Ha, 2010; Nintendo, 2016b; Peterson, 2011; Steinberg, 
2011). 
As motion-controlled gaming rose in popularity, researchers set out to assess 
the influence of emerging control interfaces over the experience of video game play. 
NMCIs were first broadly categorised as either natural or non-natural, yet as work 
continued, a richer picture of the relevant control interface types emerged. A 
typology for NMCIs was proposed that identified four initial NMCI types and ranked 
them in terms of their position on the natural mapping continuum (Skalski et al., 
2011). Preliminary work validating some of these NMCI types found that the level of 
natural mapping in the control interface could have a powerful influence over certain 
aspects of the video game player experience (Cairns, Li, Wang, & Nordin, 2014; 
Rogers, Bowman, & Oliver, 2015; Shafer, Carbonara, & Popova, 2014; Skalski et 
al., 2011). However, not all research produced consistent results (Bowman & Boyan, 
2008; Limperos, Schmierbach, Kegerise, & Dardis, 2011; Rogers et al., 2015; 
Tamborini, Bowman, Eden, Grizzard, & Organ, 2010), and key questions remained 
unanswered. Not all the NMCI types were fully validated, making the position of 
certain types on the natural mapping continuum uncertain, and research generally 
focused on certain variables and largely ignored a broader view of the player 
experience or the influence of player characteristics. 
Industry claims regarding the supposed ‘intuitiveness’ of natural control 
interfaces have been broadly echoed in the games research community (Bowman & 
Boyan, 2008; Fitz-Walter, Jones, & Tjondronegoro, 2008; Johnson, Wiles, Sweetser, 
Hollingsworth, & Gardner, 2002; Nacke, 2010; Wyeth, 2008), where intuitive 
controls have been identified as a key factor contributing to the player experience of 
need satisfaction (PENS) (Ryan, Rigby, & Przybylski, 2006). Researchers in the 
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young and growing field of intuitive interaction, meanwhile, formally defined 
intuitive use as subconsciously drawing on experiential knowledge, and devised tools 
to measure relevant previous experience levels and objectively assess intuitive 
interaction (Blackler, 2006; Hurtienne & Israel, 2007; Naumann et al., 2007). 
Researchers also identified a connection between natural mapping and intuitive 
interaction (Blackler, 2008; Israel et al., 2009), with preliminary work suggesting 
that the potential for intuitive use might increase with interfaces that employed this 
design tactic (Antle, Corness, & Droumeva, 2009; Chattopadhyay & Bolchini, 2015; 
Macaranas, 2013; Mihajlov, Law, & Springett, 2015). However, intuitive interaction 
work on video games has been extremely limited, with measurement tools not fully 
adapted for the space and empirical work on games lacking.  
The role of NMCIs in the games industry has continued to evolve following the 
massive surge of players that greeted the release of devices such as Wii and Kinect, 
further highlighting the need for more work. Hardcore gamers were not always as 
receptive to these new ways of interacting with games as were the ‘blue ocean’ (or 
new market) of players Nintendo was originally targeting with the Wii (Rosmarin, 
2006; Suzuki & Matsuyama, 2006). By the end of the Wii/PS3/360 console 
generation, there were some segments of the hardcore gamer community that were 
campaigning to remove motion controls from their games, which they had judged as 
unreliable, forced or simply not for them (MacDonald, 2014; Totilo, 2013; 
Weinberger, 2015). Although all major video game consoles in the most recent 
generation (i.e. Wii U, PlayStation 4 [PS4], and Xbox One [XB1]) launched with 
motion-control support, games fully utilising these control interfaces have been 
sparse, and motion controls have more commonly been implemented in subtler ways 
(e.g. for secondary control actions such as aiming, or as an optional alternative to 
traditional controls). This change in design approach within the industry appears to 
be partially in response to the hardcore gaming community’s aversion to motion 
controls. Other factors might also play a part, however, such as a better 
understanding of how to implement NMCI schemes in ways that make more sense, 
are more reliable and do not cause player fatigue. Nonetheless, with natural mapping 
still integral to the interactive component of video game play, and with responses to 
NMCIs potentially varying between player groups, these industry changes further 
highlight the gaps in existing NMCI research where measurement and analysis of 
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these factors has been inconsistent. The influence of different NMCI types over the 
video game player experience and intuitive interaction for diverse and growing 
player populations requires further exploration. 
1.2 RESEARCH PROBLEM 
New types of control interfaces for video games have emerged that use natural 
mapping with the aim of enhancing play and improving accessibility. While the 
range of these control interfaces has broadened, and their pervasiveness has 
increased and even driven growth in the broader games market, there is limited 
understanding of why players choose to play with or avoid these interfaces. Previous 
research identified four distinct NMCI types, but further empirical work is needed to 
explore their precise influence on the player experience and their intuitive interaction 
potential (Cairns et al., 2014; Skalski et al., 2011). Additional work is also needed to 
clarify how NMCIs’ influence on the player experience and intuitive interaction 
varies according to player characteristics. In all, understanding the influence of 
different NMCIs is incomplete, and empirical work is required to address these gaps. 
1.3 RESEARCH AIMS AND SIGNIFICANCE 
This research programme was designed to develop a richer understanding of 
how NMCIs influence the player experience, and what intuitive interaction potential 
they hold, for players with different characteristics. To address these aims, and in 
response to key gaps identified in the literature, three research questions were formed 
in order to explain the influence of NMCIs on the player experience (RQ1) and 
intuitive interaction (RQ2) in light of player characteristics (RQ3). 
There have been numerous approaches to classifying NMCIs, with Skalski et 
al. (2011) presenting a typology of NMCIs for video games that has received some 
initial validation (Cairns et al., 2014; Rogers et al., 2015; Shafer et al., 2014). 
However, relatively few studies have compared more than two types of NMCIs; 
fewer still have tested their influence on a broad view of the player experience, with 
NMCI research mainly focused on measures of psychological transportation such as 
presence or broad measures of enjoyment. This work thus aims to answer the 
research question, “How does the use of different NMCI types affect the player 
experience of video games?” (RQ1) to clarify the broad player experience impacts 
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of the different NMCI types, since empirical evidence of these effects in controlled 
experiments with multiple NMCI types was lacking.  
Prior to this study, research on the influence of natural mapping on intuitive 
use was limited, and intuitive interaction theory had yet to be applied to video games 
(Antle et al., 2009; Chattopadhyay & Bolchini, 2015; Macaranas, 2013; Mihajlov et 
al., 2015). Furthermore, the often-claimed intuitive potential of NMCIs had been 
untested, with little empirical evidence to support or challenge related industry and 
academic claims. This work thus aims to answer the research question, “How does 
the use of different NMCI types affect intuitive interaction with video games?” 
(RQ2) by applying relevant theory to the games domain to empirically reveal the true 
intuitive potential of NMCIs for the first time. 
Existing player experience and NMCI research has shown that player 
characteristics, such as previous gaming experience, age or gender, can play an 
influential role (Abeele, Schutter, Gajadhar, Johnson, & Geurts, 2013; Hoffman & 
Nadelson, 2010; Lachlan & Krcmar, 2011; Skalski et al., 2011; Yee, 2006). 
However, their measurement in NMCI research has been inconsistent, and these 
factors have not always been included in analysis—despite emerging evidence in the 
games industry and community that the response to motion controls was not the same 
across different groups of players (MacDonald, 2014; Totilo, 2013; Weinberger, 
2015). This work thus aims to answer the research question, “How do [the influential 
effects of NMCIs] vary according to player characteristics?” (RQ3) to ensure 
these factors were considered when addressing the other research aims and that the 
key patterns relevant to distinct player populations could be revealed. 
The significance of this research programme is in its address of these key gaps, 
which suggest the need for an enriched understanding of NMCIs’ influence during 
video game play. While the design and use of NMCIs has increased and evolved 
alongside the industry’s growth, it is set to undergo further change with the release of 
a range of virtual reality (VR) systems that use NMCIs in a much more integrated 
way (Buckley & Hollister, 2015; Robertson, 2014). For example, Sony’s PlayStation 
VR games commonly require Move controllers in the player’s hands in addition to 
the head-tracking sensors built into the unit (Henderson, 2014; Volpe, 2015). As 
such, NMCIs appear to be an established and ongoing feature of games that requires 
further research as the industry continues to evolve. This work could also possess 
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broader implications for control interface design across a range of fields, including 
the application of NMCIs in serious games contexts, as well as control interfaces for 
utilitarian interactive systems in fields such as human‒computer interaction (HCI), 
engineering and medicine. 
1.4 RESEARCH PROGRAMME CONTRIBUTIONS 
This thesis contributes to academic knowledge in four key areas. First, it helps 
to explain the player experience influence of NMCIs, showing the positive influence 
of increased natural mapping across a broad range of measures. This includes 
clarifying the influence of the four NMCI types on some player experience 
constructs for the first time, such as components relevant to the player experience of 
need satisfaction—for example, autonomy (Birk & Mandryk, 2013; Ryan et al., 
2006). Player experience results were assessed both independently and by analysing 
emerging trends across measures, and according to player characteristic groups, in 
order to elucidate NMCIs’ influence in this important area. The approach to player 
experience measurement not only synthesises and validates previous work, but 
broadens understanding of NMCIs’ influence. 
Second, the research presents important initial empirical work on the intuitive 
use potential of NMCIs and video games generally. Existing measures of familiarity 
that have been applied and validated in intuitive interaction research were adapted 
for use in the video games research domain for the first time in the current research 
programme (Blackler & Popovic, 2015). Along with the objective assessment of 
intuitive use that was adapted from previous work and undertaken in this research 
(Blackler, 2008), these measures and tools provide a foundation for measuring 
familiarity and intuitive use in video games. In the current research, these measures 
also validated the role of familiarity in predicting intuitive use with video games and 
revealed the potential intuitive use benefits of increased natural mapping in the 
control interface. These outcomes were assessed independently and linked back to 
broader intuitive interaction theory in a new framework explaining the relationship 
between natural mapping in NMCIs and the various characteristics of intuitive 
interaction theory (Blackler, Desai, McEwan, Diefenbach, & Popovic, in press). 
Integrated throughout the above research foci is this work’s third major 
contribution: comprehensive explanation of the influential role of player 
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characteristics. Drawing on approaches to sample familiarity in intuitive interaction 
research, previous gaming experience was measured in a consistent way throughout 
the research programme and assessed for its influence over the player experience and 
intuitive use outcomes. A traditional previous gaming experience measure related to 
hours of play was also sampled, and revealed distinct influences from control 
interface familiarity levels. Familiarity with the equivalent real-life activity that the 
game simulates was also sampled and assessed, since NMCIs also have the potential 
to leverage this type of experience. Key demographic attributes, namely age and 
gender, were also sampled and analysed. Overall, this work presents a rich view of 
the influential role of player characteristics in shaping the response to NMCIs; 
Chapter 6 details several important findings. 
Finally, increased understanding from the previous contributions led to the 
development of a new framework to support NMCI assessment and design. Three 
dimensions were identified in the framework that contribute to the level of natural 
mapping in control interfaces: realism, bandwidth and naturalness. In section 6.3, 
these dimensions have been clearly defined and linked to previous relevant work, 
with illustrative examples given by applying the NMCI Dimensions Framework to 
the NMCIs tested in the current research programme and through further discussion. 
This work not only helps to explicate the differences found between NMCI types in 
the current research programme, but also explains NMCIs more generally. As a 
whole, it is intended that this work will support game and interface design in a way 
that leverages the full potential of NMCIs, allowing for a richer player experience 
and awareness of how to better design control interface options for a game’s target 
audience. 
1.5 THESIS OUTLINE 
Chapter 2 explores the research programme background in more detail with a 
review of the relevant literature. This literature covers three primary areas of 
research: the player experience, intuitive interaction and NMCIs. The first two 
sections focus on the definition and approach to measurement of key constructs in 
these areas, while the third section briefly examines NMCI work in the HCI field 
before presenting an extensive review of the body of research on NMCIs for video 
games. 
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Chapter 3 presents the research programme design. This includes detail and 
justification for the research questions and scope, research methodology and stages, 
stimulus selection and categorisation, and measures and instruments. A repeated-
measures experiment design is outlined, with foundations in previous player 
experience and intuitive interaction research and a strong focus on the control of 
confounding factors. 
Chapter 4 presents Study One, which examines the influence of three different 
NMCI types in a racing video game. This includes a traditional controller and two 
different types of steering wheel control interfaces. The chapter presents the study 
procedure before detailing the customised approach to intuitive interaction 
measurement undertaken in Study One through game technology familiarity (GTF) 
and intuitive use measures. The full set of statistical results for the player experience 
and intuitive interaction measures are presented, analysed and discussed. 
Chapter 5 presents Study Two, which examines the influence of three different 
NMCI types in a tennis video game. The control interfaces tested here all fully utilise 
motion controls and cover the three most naturally mapped control interface types. 
The chapter presents the study procedure before detailing the approach to intuitive 
interaction measurement through the revised GTF and intuitive use measures for 
Study Two. The full set of statistical results for the player experience and intuitive 
interaction measures are presented, analysed and discussed. 
Chapter 6 presents a general discussion for the entire research programme. The 
discussion compares and contrasts results from the two experiments with each other 
and with relevant existing research, highlighting the key findings that have emerged. 
The chapter first examines the overall influence of NMCI types on the player 
experience across studies, before highlighting relevant player characteristic findings. 
The impact of NMCIs on intuitive interaction is then summarised before a discussion 
of the findings related to familiarity. The intuitive interaction contributions are then 
highlighted by showing how the current research findings map to existing and 
emerging theory in the domain. The new framework for assessing the level of natural 
mapping in a video game control interface according to distinct dimensions is then 
presented and justified. Directions for future work in the field are identified before 
the research programme is tied together through concluding remarks. The References 
and Appendices follow this final chapter. 
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Chapter 2 Literature Review 
This review seeks to more thoroughly explore the research programme 
background introduced previously, situate it among existing work and demonstrate 
its significance and originality. The research examined draws on theories across 
several disciplines relevant to the study of NMCIs for video games, including the 
player experience, HCI, intuitive interaction, cognitive psychology and media 
studies. However, the research domains most directly relevant are the player 
experience (section 2.1), intuitive interaction (section 2.2) and work on NMCIs 
(section 2.3). These primary domains are relatively young; each has only emerged as 
a defined field of research within the last couple of decades. Nevertheless, 
researchers have conducted extensive work to build the body of knowledge in each 
field, and even larger bodies of work can be drawn on by exploring the fields’ 
academic antecedents. This survey seeks to briefly situate each primary domain 
within the context of its historical origins before exploring the most directly relevant 
work in greater detail. This approach is also broadly reflected in the order of the 
main sections in this review, with the general relevant fields explored prior to a more 
targeted discussion on NMCI research in the video games domain. 
The review starts by exploring the origins and dimensions of research into ‘The 
Player Experience’ (section 2.1) of video games. ‘Player Characteristics’ (section 
2.1.1), or the attributes of the player that can influence their response to play, were 
the focus of early work in the field and are explored first. A number of ‘Models and 
Frameworks’ (section 2.1.2) have since emerged that define the player experience 
based on theory about the motivations to play and psychological responses to video 
games. From this work, several key player experience constructs have been identified 
that have received substantial research focus, including ‘Enjoyment and 
Engagement’ (section 2.1.3), ‘Flow’ (section 2.1.4), ‘Presence and Immersion’ 
(section 2.1.5) and ‘Performance and Competence’ (section 2.1.6). This discussion 
reveals the multi-component view of the player experience that has emerged through 
existing research, which is relevant to explaining the influence of NMCIs. 
‘Intuitive Interaction’ (section 2.2) research explores the potential for and 
occurrence of intuitive use with complex artefacts, which has been shown to depend 
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on different types of previous experiential knowledge. ‘The Foundations of Intuitive 
Interaction Research’ (section 2.2.1) are explored first by outlining the development 
of fundamental theory and approaches to measuring intuitive use that have been 
validated through existing work in the field. ‘Expanded Intuitive Interaction 
Research’ (section 2.2.2), which built on these foundations to broaden the field’s 
applicability and refine relevant tools, is discussed next. Intuitive interaction research 
on ‘NUIs and Intuitive Video Game Controls’ (section 2.2.3) is still in its infancy, 
yet this discussion highlights how related theory, measurement tools and results are 
relevant to the study of NMCIs for video games. 
HCI researchers have studied NMCIs (section 2.3) for some time, offering 
multiple relevant frameworks in the areas of tangible and embodied interfaces (TEIs) 
or ‘TEIs and Mapping to Virtual Controls’ (section 2.3.1). Research on ‘Naturally 
Mapped Control Interfaces for Video Games’ (section 2.3.2) is outlined next, with a 
brief introduction to the field and a discussion of some its earliest work. The 
following section on ‘Broad Categories for NMCIs ’ (section 2.3.3) explores research 
that adopted a general approach to classifying NMCIs, yet also started explore their 
influence in more depth. Greater understanding of ‘The Influence of Naturally 
Mapped Control Interface Types’ (section 2.3.4) became possible with the 
emergence of an NMCI typology, with related research providing important initial 
empirical work to establish trends for some of their broader influences. Section 2.3.5 
summarises the strengths and limitations of the body of existing NMCI research. 
Finally, the ‘Literature Review Summary and Implications’ (section 2.4) discussion 
identifies the key findings and gaps discovered throughout the literature review that 
led to the research questions for the current research programme. 
2.1 THE PLAYER EXPERIENCE 
The player experience refers to a player’s experiential and/or psychological 
responses to the stimulus of interaction with a video game, or play. The following 
discussion largely focuses on highlighting the models and components that are 
relevant to defining and understanding the player experience in the current research 
programme, rather than findings related to effects that have been shown in games 
research. Section 2.3.3 presents a more detailed discussion of findings related to 
player experience effects, specifically those shown in research on NMCIs. 
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2.1.1 Player Characteristics 
In video games research, significant statements about the interaction between 
the player and the game are difficult to make without an understanding of the 
player’s motives and attributes. Early games research was dedicated to understanding 
players by developing typologies to break them up into meaningful groups. The 
rationale for division between groups across the proposed typologies ranged from 
interpretations of psychological preferences (C. Bateman & Boon, 2006) to empirical 
analysis of behaviour and motives (Bartle, 1996; Yee, 2006). Regardless of these 
categorical properties, the aim was the same: bring definition and understanding to 
the variation in player behaviours and enable delineation based on player 
characteristics across a range of different games research areas. Researchers not 
directly focused on typifying players, however, have looked for ways to achieve 
these goals that are not so dependent on applying abstract psychological measures or 
establishing descriptive archetypes.  
Some games researchers have adopted an alternative approach to 
distinguishing between players that involves directly surveying research participants 
for particular demographic and previous experience attributes that are hypothesised 
to be relevant. Measuring previous gaming experience levels, for example, allows 
researchers to generalise about player population constructs commonly identified in 
broader society, such as ‘non-gamers/novices’, ‘casual/social gamers’ and 
‘hardcore/expert gamers’ (Johnson et al., 2002; Mizobata, Silpasuwanchai, & Ren, 
2014; Nacke, 2010; Pasch, Bianchi-Berthouze, Dijk, & Nijholt, 2009; Pietschmann, 
Valtin, & Ohler, 2012). While these ‘types’ might be more broadly recognised and 
self-identified by participants, their precise characteristics are unknown, and so some 
researchers have instead chosen to retain the complexity of the originally sampled 
variable (for example, the average number of hours the participant plays video games 
in a week). There are several approaches to sampling duration and frequency 
variables, however, and research can focus on the game/s being tested (Lachlan & 
Krcmar, 2011; Limperos et al., 2011; Williams, 2013; Yee, 2006), the relevant genre 
of games (Brokaw, Cruz, Earl, Kamsler, & Orman, 2007; Brown, Kehoe, 
Kirakowski, & Pitt, 2010; Schmierbach, Limperos, & Woolley, 2012), video games 
generally (Barlett, Harris, & Baldassaro, 2007; Jennett et al., 2008; Klimmt, 
Hartmann, & Frey, 2007; Rogers et al., 2015) or a combination of these factors 
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(Cairns et al., 2014; McGloin, Farrar, & Krcmar, 2011; Nacke, Kalyn, Lough, & 
Mandryk, 2011; Skalski et al., 2011). Quantifying players by their characteristics, 
such as age, gender or previous gaming experience, is thus possible through a range 
of approaches, and these factors sometimes wield a powerful influence over the 
player experience (e.g. Abeele et al., 2013; Hoffman & Nadelson, 2010; Lachlan & 
Krcmar, 2011; Nacke, 2010; Shafer, Carbonara, & Popova, 2011; Skalski et al., 
2011; Yee, 2006). Yet inconsistencies around sampling, and excluding or using these 
variables in primary analyses, suggests no clear or dominant approach to their role in 
research design. Nevertheless, identifying and measuring relevant player 
characteristics is crucial to understanding the player experience effects of different 
control interfaces. 
2.1.2 Models and Frameworks 
Theoretical models based on motivations for play generally go beyond player 
typologies—not only by focusing on traits rather than types, but also by placing their 
foundations in theory established in other fields such as media studies and 
psychology. While player typologies and some motivation models capture motives 
for play based on specific gaming contexts (Bartle, 1996; Yee, 2006), an ideal player 
motivation or experience model focuses on the factors associated with appeal and 
enjoyment across all genres and player types (Ryan et al., 2006; Tamborini et al., 
2010). A cross-genre approach that aims to identify universal motivations and 
experiences is based on the assumption that as humans, we are psychologically 
motivated to engage in activities by common factors. There is potential for rigorous 
play motivation models to identify factors that might be common to the 
psychological experience of play, since players are likely to be motivated by the 
components that make up the experience itself. In this way, some motivation models, 
or relevant measures, could be used as tools to measure differences in the player 
experience. This section explores some of the prominent models for quantifying that 
experience. 
Ryan et al.’s (2006) approach to measuring motivation in video games is based 
on the satisfaction of universal psychological needs. Their work is based on 
Cognitive Evaluation Theory (CET), a branch of Self-Determination Theory (SDT), 
which argues that a person’s sense of autonomy, competence and relatedness derived 
from an activity support its intrinsic appeal. Ryan et al. add two other major 
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subcomponents to this theory that they believe are integral to any sort of sustained 
enjoyment from video games—presence and intuitive controls—to form the Player 
Experience of Need Satisfaction (PENS) measure. Ryan et al. present a series of 
studies intended to validate and further develop PENS, the fourth and final of which 
examined the motives of regular game players in MMOs as compared with Yee’s 
(2006) three motive factors: achievement, social and immersion. PENS has also since 
received further validation as a player experience model through its inclusion in a 
range of subsequent video game studies (Birk & Mandryk, 2013; Brühlmann & 
Schmid, 2015; Johnson & Gardner, 2010; Johnson, Nacke, & Wyeth, 2015; Johnson, 
Watling, Gardner, & Nacke, 2014). One such study found that the main SDT 
components of PENS all significantly predicted enjoyment, with the overall model 
accounting for 51% of the observed variation in perceived enjoyment (Tamborini et 
al., 2010). This suggests that along with defining the components driving motivation 
to play, the need satisfaction model can also explain a good portion of the affective 
component of enjoyment produced in the player experience. 
Other researchers also examined self-determined regulation theories and their 
application to video games to provide a view of player motivations that can explain 
when engaging with games is productive, potentially improving wellbeing, or 
destructive, potentially an indication of addiction (Wang, Khoo, Liu, & Divaharan, 
2008). Using Vallerand et al.’s (2003) definition of passion, Wang et al. (2008) 
highlight that positive outcomes during and after task engagement are linked to 
Harmonious Passion, which can be achieved through play when it is pursued due to 
self-interest. By contrast, Obsessive Passion is characterised by an internal pressure 
that forces engagement in the activity, conflicting with external life domains and 
causing negative impacts both during and after engagement. This partly aligns with 
Ryan et al.’s (2006) distinction between intrinsic and extrinsic motivation, as Wang 
et al. incorporate Organismic Integration Theory (OIT), developed by Deci and Ryan 
(1985), to cross-reference motivations. Other proposed motivational models for play 
include Bostan’s (2009), which focuses on 25 hardcore video game players (defined 
by the authors as gaming for five or more hours a week) to support the argument that 
games could be assessed for evidence of satisfying materialistic, power, affiliation, 
achievement, information, and sensual psychological needs. Hoffman and 
Nadelson’s (2010) model instead identifies escapism and fun, social connectivity and 
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achieving task-related goals through control as reasons for engaging with games, 
showing greater alignment with Yee’s (2006) motivation model.  
As an alternative to examining motivational factors, some research has focused 
on revealing the distinct components of the player experience (IJsselsteijn et al., 
2008; IJsselsteijn, de Kort, Poels, Jurgelionis, & Bellotti, 2007; Jennett et al., 2008; 
Sweetser & Wyeth, 2005; Takatalo, Häkkinen, Kaistinen, & Nyman, 2010). 
IJsselsteijn et al.’s (2008, 2007) ‘Game Experience Questionnaire’ (GEQ), for 
example, was designed to distinguish between seven different proposed player 
experience constructs: Sensory and Imaginative Immersion, Tension, Competence, 
Flow, Negative Affect, Positive Affect and Challenge. IJsselsteijn et al. argue that no 
single player experience framework is likely to gain consensus for some time 
(motivational or otherwise), and so advocate the use of a multi-measure approach. 
While formal validation of the GEQ and its constructs has never been published, this 
has not prevented it from being used as a multi-component measure of the player 
experience across a range of studies (Abeele et al., 2013; Ellick, Mirza-Babaei, 
Wood, Smith, & Nacke, 2013; Gerling, Klauser, & Niesenhaus, 2011; Martin & 
Wiemeyer, 2012; Mizobata et al., 2014; Nacke, 2010). 
Bianchi-Berthouze and colleagues propose another method for quantifying 
player experience: measuring body movement (Bianchi-Berthouze, 2008, 2013; 
Bianchi-Berthouze, Kim, & Patel, 2007). Using a mix of observational methods and 
body-tracking suits, which measure the amount of angular movement, their results 
suggest that we can gain meaningful data on the player experience simply by 
analysing players’ movement. Particular body postures can indicate certain 
emotional experiences, and gestures can reveal the level of game engagement 
depending on whether they are related to the task or not. Bianchi-Berthouze et al. 
focus on two of Lazzaro’s (2005) four keys to unlocking emotions in games, 
suggesting that the control interface type can significantly influence the potential for 
different types of ‘fun’ to emerge during play of a single game. Highly responsive 
hand-held constrained devices, such as gamepads, could encourage results-focused 
‘hard fun’, while control interfaces recognising larger body motions encourage ‘easy 
fun’, where the player takes on the real-life actions of the fantasy role they are 
playing in the mediated environment. 
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A number of other instruments have been applied to measuring aspects of the 
player experience that have received some validation in the games research domain. 
Most prominent are the Positive and Negative Affect Schedule (PANAS) (Watson & 
Clark, 1994), the Intrinsic Motivation Inventory (IMI) (Ryan, 1982) and the 
Immersive Experience Questionnaire (IEQ) (Jennett et al., 2008). The PANAS 
measures short-term affective response to stimuli (Watson & Clark, 1994), and has 
proven useful as a subjective measure of the general positive and negative valences 
caused by games (Birk & Mandryk, 2013; Gerling, Birk, Mandryk, & Doucette, 
2013; Jennett et al., 2008; Klarkowski et al., 2016). The IMI is a measure of intrinsic 
motivation with broader applicability than the PENS (Ryan, 1982), with its primary 
interest/enjoyment subcomponent used as a measure of enjoyment in a number of 
video games studies (Birk & Mandryk, 2013; Klarkowski et al., 2016; Ryan et al., 
2006; Tamborini et al., 2010). The IEQ is a multi-component measure of immersion 
in games, capturing cognitive involvement, real-world dissociation, challenge, 
emotional involvement and control, and has also been used across a range of studies 
(Cairns et al., 2014; Jennett et al., 2008; Nijhar, Bianchi-berthouze, & Boguslawski, 
2012; Pietschmann et al., 2012). While immersion or presence measures are often 
included in a multi-component view of the player experience, there is a lack of 
consensus around the conceptual distinction between these constructs (further 
discussed in section 2.1.5). While no single motivation or player experience model 
has gained consensus across the games research domain, partly due to the field’s 
youth, there are nonetheless several promising frameworks and approaches 
undergoing a process of further validation. 
The review of existing frameworks and models that quantify the player 
experience highlights a number of frequently measured constructs that can be useful 
in explaining the impact of control interfaces. The following sections briefly cover 
some of these constructs to establish understanding of their role in the player 
experience. Enjoyment and Engagement, discussed in section 2.1.3, are general 
constructs reflective of the overall player experience that have been measured 
independently through a range of approaches (Brockmyer et al., 2009; Tamborini et 
al., 2010). Flow, discussed in section 2.1.4, was identified by early games research as 
an important aspect of gaming experience related to involvement with playing tasks 
(Sweetser & Wyeth, 2005). Presence and Immersion are discussed in section 2.1.5, 
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and while they are broadly recognised to explain similar aspects of the player 
experience, researchers have conducted some work to identify their unique defining 
qualities (Jennett et al., 2008; Lombard & Ditton, 1997). Performance and 
Competence are discussed in section 2.1.6, and while they can be frequently 
overlooked for their role in shaping the player experience, existing work shows they 
can be useful measures when seeking a holistic view of the player response (Abeele 
et al., 2013; E. P. Downs & Oliver, 2016; Ryan et al., 2006). Researchers have 
identified other constructs as important to the player experience, such as autonomy 
and social factors, which are not discussed in detail here. For autonomy, this is partly 
because its measurement in previous NMCI games research is very limited (Birk & 
Mandryk, 2013; Tamborini et al., 2010). Nevertheless, autonomy is integral to a need 
satisfaction view of the player experience and could be important in defining the 
impact of control interfaces. Social factors repeatedly emerge as important 
motivators and influencers of the player experience (e.g. Bianchi-Berthouze, 2013; J. 
Downs, Vetere, Howard, Loughnan, & Smith, 2014; Ryan et al., 2006; Yee, 2006), 
yet these considerations are outside the scope of this research programme. 
2.1.3 Enjoyment and Engagement 
Creating enjoyable and engaging experiences for players is the main goal of 
video game development (Salen & Zimmerman, 2004; Sweetser & Wyeth, 2005). 
While measuring the successful achievement of this goal can include measuring 
these precise constructs alone, one aim of player experience research is to break the 
overall response down into the fundamental psychological components contributing 
to this overall effect. As such, much work has been conducted to validate existing 
models in terms of their ability to predict overall enjoyment, with a range of existing 
models and constructs found to explain a substantial portion of this variance (Ryan et 
al., 2006; Shafer et al., 2014; Tamborini et al., 2010). This work frees up researchers 
to focus on more specific player experience constructs and assume the subsequent 
influence on overall enjoyment or engagement (Abeele et al., 2013; Cairns et al., 
2014; McGloin, Farrar, & Krcmar, 2013).  
When the impact on enjoyment or engagement is not assumed or implied by 
interpreting results from other constructs, however, games researchers have 
demonstrated a range of approaches to their independent measurement (E. P. Downs 
& Oliver, 2016; Isbister, Rao, Schwekendiek, Hayward, & Lidasan, 2011; Limperos 
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et al., 2011; Sah, Ahn, & Sundar, 2010; Shafer et al., 2011). These vary from 
tracking body movement (Bianchi-Berthouze, 2013), as discussed in section 2.1.2, to 
using a range of existing validated instruments (Bianchi-Berthouze, 2013; Birk & 
Mandryk, 2013; Limperos et al., 2011; Shafer et al., 2014) or custom-designing 
scales to operationalise these constructs within the context of study (J. Downs et al., 
2014; McMahan et al., 2010; Nacke et al., 2011; Sah et al., 2010). Existing measures 
include instruments such as the enjoyment/interest subscale of the IMI or the Game 
Engagement Questionnaire (Brockmyer et al., 2009; Ryan, 1982). Other measures, 
such as the IEQ, also include some coverage of engagement by capturing various 
forms of involvement (Jennett et al., 2008). In all, some compelling arguments are 
made for measuring broader enjoyment or engagement (Bianchi-Berthouze, 2013; 
Tamborini et al., 2010), yet a multi-component view of the player experience that 
includes similar constructs, such as flow, could be enough to generalise about these 
types of impacts. 
2.1.4 Flow 
The appeal of engagement in an activity can occur for no other reward than the 
pleasurable experience of ‘flow’. Flow is characterised by a deep, in some cases 
meditative, focus on and involvement with a task, where the balance between 
challenge and skill is finely tuned (Csikszentmihalyi, 1990). Flow is sometimes 
characterised by one of its assumed antecedents: challenge/skill balance (Klarkowski 
et al., 2016; Schmierbach et al., 2012). Sweetser and Wyeth (2005) clarified the 
meaning of flow as it pertains to games in their paper presenting ‘GameFlow’, a 
measure for the enjoyment of video games that can be used for both design and 
evaluation. Sweetser and Wyeth built on the original flow definition to create the 
eight components of GameFlow: concentration, challenge, skills, control, clear goals, 
feedback, immersion and social. Their work on synthesising flow for use with games 
provides a well-cited model that could be adapted for analysis of control interfaces, 
as supported by Wyeth’s later work (2008) (discussed in section 2.3.1). Jegers (2007) 
also demonstrated additional model flexibility by adapting the model for use with 
pervasive games. 
Since Sweetser and Wyeth’s (2005) early work explaining flow in video 
games, other games researchers have continued to highlight the concept as an 
important construct to consider in evaluating the player experience (Hoffman & 
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Nadelson, 2010; IJsselsteijn et al., 2007; Limperos et al., 2011; Nacke, 2010; Wang 
et al., 2008). Flow is included as a construct of the player experience in both the 
GEQ and Game Engagement Questionnaire (Brockmyer et al., 2009; IJsselsteijn et 
al., 2007), is a factor in the presence-involvement-flow (Takatalo et al., 2010), and is 
sampled by the Flow State Scale (FSS) (Jackson & Marsh, 1996; Jackson, Martin, & 
Eklund, 2008), which has been validated in games research settings (Klarkowski, 
Johnson, Wyeth, Smith, & Phillips, 2015; C. Lee, Wyeth, Johnson, & Hall, 2015; 
Limperos et al., 2011; Schmierbach et al., 2012; Vella, Johnson, & Hides, 2015). 
Research focusing on game control interfaces also refers to flow as an important 
player experience construct to examine (Abeele et al., 2013; Bowman & Boyan, 
2008; Martin & Wiemeyer, 2012; Mizobata et al., 2014; Schmierbach et al., 2012). 
Johnson and Wiles (2003) examined the ways in which user interfaces (including the 
control device) might facilitate or inhibit the experience of flow in games. They 
conclude that it is not a simple matter of one control interface type being most 
suitable for use with a particular game genre, and neither do game players 
necessarily prefer one device irrespective of genre. As such, flow response might 
change within participants across games or interface types according to player 
characteristics, as has been found in wider research (Hoffman & Nadelson, 2010; 
Limperos et al., 2011; Mizobata et al., 2014). In all, flow is a clearly defined and 
well-validated construct of the player experience. 
2.1.5 Presence and Immersion 
Lombard and Ditton (1997) were the first to collate existing interpretations of 
the term ‘presence’ and cohesively redefine it for a range of fields. They define 
presence as occurring when an experience mediated by technology takes on the 
illusion of non-mediation. This happens when acknowledgement or awareness of the 
mediating technology (e.g. television, controller, etc.) fades away, and people feel 
that what is being mediated (e.g. game character, weapon, etc.) is either present in 
the space with them, that they are in the space with the content or that a new and 
separate space is created where both the person and mediated content reside. 
Lombard and Ditton provide a unifying theory of presence, clarifying that this 
perceptual illusion involves real-time “responses of the human sensory, cognitive, 
and affective processing systems to objects and entities in a person's environment” 
(Lombard & Ditton, 1997, Presence Explicated, para. 1). During a presence 
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experience, the ‘objects and entities’ are not in the person’s immediate environment, 
yet the person perceives (or believes) them to be. A similar illusory trick is identified 
by Humphrey (2006), who focuses on cognitive aspects of perceptual philosophy 
when discussing empathetic sensation and sensations projected from a false 
perception. For example, a person feeling pain when they perceive that their hand has 
been pricked, even though what they are viewing is a virtual representation of their 
hand. Sah et al. (2010) discuss similar experiments to explain how players might 
perceive that their body is connected to the virtual environment of a game (defined in 
their work as ‘embodiment’). This type of perceptual and sensory cognitive 
projection could be responsible for the experience of presence, and provides insight 
into how players connect to the character or virtual environments in the game. The 
control interface design, as one of the main mediating technologies of video games, 
could influence the potential of presence-based feelings to emerge during play. 
Several studies build on Lombard and Ditton’s work on presence to interrogate 
its role in video games in terms of an individual’s tendency for presence (Lachlan & 
Krcmar, 2011), player motivation (Ryan et al., 2006) and the impact of control 
interfaces on presence (Skalski, Lange, & Tamborini, 2006; Skalski et al., 2011). In 
Lachlan and Krcmar’s study, results gave a preliminary indication that the amount of 
presence experienced in a game might not be solely reliant on the game’s immersive 
qualities, but also on the player’s readiness to experience presence and the formal 
attributes of the physical game space. Gender and previous gaming experience also 
received preliminary support as variables to consider in presence research, further 
supporting the importance of considering player characteristics as factors when 
analysing control attributes. Skalski et al.’s (2006; 2011) work further builds on this 
finding by providing preliminary empirical support for a relationship between the 
type of NMCI and perceptions of spatial-presence. In fact, a substantial body of 
NMCI-related research examines this relationship, generally supporting the idea that 
more naturally mapped controls lead to higher feelings of presence or immersion 
(discussed further in section 2.3.3). 
While there is general consensus around the definitions of presence and flow, a 
conceptually distinct definition of immersion is less broadly agreed upon. Jennet et 
al. (2008) identify this confusion and attempt to clarify the debate by discussing a 
range of related research and distinguishing associated terms as describing distinctly 
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different and limited phenomena. They broadly define immersion as psychological 
engagement with the game and cite Brown and Cairns’ (2004) distinction between 
‘engagement’, ‘engrossment’ and ‘total immersion’ to define the varying levels of 
immersion that might be attained over a period of sustained play. This differs from 
Lombard and Ditton’s (1997) definition of presence as an absolute or digital measure 
that is either on or off in each individual moment, with differing levels perceived in 
proportion to its continuity and frequency. Lombard and Ditton include immersion in 
their discussion of ‘presence as immersion’, stating that immersion is concerned with 
the number of senses stimulated and the level to which they are consumed. They do 
acknowledge, however, that immersion has been understood to have a psychological 
component relating to engagement, involvement and the level of absorption in the 
sensory experience. Przybylski et al. (2010) broadly follow Lombard and Ditton’s 
interpretation of immersion (as a type of presence) and suggest, based on their 
research, that immersion might be the compounded effect of engagement with a 
psychologically satisfying play experience. Despite the conflict over their conceptual 
definition, presence or immersion are seen as integral to the player experience as 
measures of psychological absorption with video games (IJsselsteijn et al., 2007; 
Jennett et al., 2008; Ryan et al., 2006; Skalski et al., 2011). The current research 
programme supports the definition of presence from Ryan et al.’s (2006) PENS 
instrument, which is based on Lombard and Ditton’s (1997) work explicating this 
concept. 
2.1.6 Performance and Competence 
Performance is commonly measured in games research, especially in control 
interface research, where it was a focus of early studies (Brokaw et al., 2007; Brown 
et al., 2010; Kavakli & Thorne, 2002; McMahan et al., 2010; Zaman, Natapov, & 
Teather, 2010). It continues to be measured in a range of studies in the domain to 
both examine the impact of controls on performance and to control for or consider 
how performance might contextualise the broader player experience (Abeele et al., 
2013; E. P. Downs & Oliver, 2016; Gerling et al., 2011; Limperos et al., 2011). 
Performance is a part of the player experience—not in the traditional ‘psychology of 
play’ sense, but rather as an artefact and representation of the specific play instance 
measured. While it can be assumed that if a player performs well they will 
experience higher levels in the other, more affective aspects of player experience, 
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this is not always the case, and any contrasts can be revealing. Furthermore, not all 
players will respond in the same way to a strong or weak performance, again 
furthering the case for using player characteristics to break down results. 
Researchers can also use perceived performance measures when it is difficult 
to capture or compare general performance across gaming contexts (for example, 
where two or more incongruent game environments are being tested) (J. Downs et 
al., 2014; Mizobata et al., 2014). Competence is one such measure sampled in games 
research (Birk & Mandryk, 2013; Ellick et al., 2013; Gerling et al., 2011; Mizobata 
et al., 2014; Nacke, 2010), with the construct measured in both the GEQ and the 
PENS (IJsselsteijn et al., 2007; Ryan et al., 2006). In these contexts, Competence 
represents players’ perception of their demonstrated skills in the gaming 
environment. Measures such as competence would usually be expected to provide 
results in line with performance (Abeele et al., 2013), yet variations between these 
measures might offer insightful findings. As such, while consolidating these 
measures might be tempting, doing so could prevent deeper understanding of the 
broader player experience results. Some indication of perceived performance can 
also be offered by other measures, such as sense of control (which Limperos et al. 
liken to competence) or ‘intuitive controls’ (Abeele et al., 2013; Birk & Mandryk, 
2013; Limperos et al., 2011). The control interface (both physical and digital) is the 
tool the player uses to input commands responding to the game’s feedback, and the 
performance level is thus dependent upon it. Sense of controls or perceived ‘intuitive 
controls’ measures can therefore provide insight into the extent to which the control 
interface was responsible for facilitating or hindering the performance level (and in 
turn, potentially broader aspects of the player experience).  
Some evidence of the connection between competence and intuitive controls 
was shown in Johnson and Gardner’s (2010) study, where the PENS was used to 
dissect the player experience of 235 surveyed gamers in relation to their identified 
personality type and the genre of their current favourite game. In this study, the 
competence and intuitive controls subcomponents of the PENS did not stand up as 
independent. In the only NMCI study to use the full version of the PENS, 
competence was again shown to have a similar pattern of results to the intuitive 
controls measure (Birk & Mandryk, 2013). These results suggest an understandably 
dependent relationship between perceived controls and perceived performance (or 
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demonstration of skills). Similarities or contrasts between these measures, and other 
measures for intuitive interaction, might provide clues as to the overall influences of 
the control interface during video game play. 
2.2 INTUITIVE INTERACTION 
Researchers in the young and growing field of ‘intuitive interaction’ initially 
focused their work on understanding the role and characteristics of intuition in 
supporting the use of interactive systems. Consequently, some consensus emerged 
around the definition of and means to measure intuitive interaction, along with 
guidelines for designers to maximise their interface’s potential for intuitive use. The 
research focus in this field has largely been on interfaces for products with a 
utilitarian purpose, while evaluating the intuitive potential of interfaces for systems 
with a more affective goal (such as video games) is limited. This is despite the fact 
that NMCIs for games have become increasingly pervasive, are commonly referred 
to as ‘intuitive’ by researchers and industry alike (Bowman & Boyan, 2008; Fitz-
Walter et al., 2008; Foottit, Brown, Marks, & Connor, 2014; Ha, 2010; Johnson et 
al., 2002; Nacke, 2010; Nintendo, 2016b; Peterson, 2011; Wyeth, 2008); the 
accessibility of these interfaces has also been identified a key driver for growth in the 
industry (Purvis, 2009; Skalski et al., 2011; Steinberg, 2011; Wada, 2011).  
2.2.1 The Foundations of Intuitive Interaction Research 
The source of knowledge for an intuitive action can be difficult to identify, yet 
two groups of researchers building on decades of research and theory in cognitive 
science helped to establish that intuition is intimately tied to previous experience 
(Blackler & Hurtienne, 2007; Blackler, Popovic, & Mahar, 2010; Hurtienne & Israel, 
2007; Naumann et al., 2007). According to these researchers, intuition is the end 
result of a cognitive process that matches current stimuli with a store of amalgamated 
experiential (sometimes sensorimotor or abstract/metaphorical) knowledge that is 
built up over a person’s life through their interactions with the world. Thus, although 
a person might have never been in exactly the same situation before, or used a given 
interface before, they can subconsciously draw on their pool of experiential 
knowledge to perform successfully in the given context (Hurtienne & Israel, 2007). 
Strictly speaking, then, a device or interface is not ‘intuitive’ in and of itself, but the 
information processing that is applied to it can be (Blackler, 2008). Intuition might 
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not always present the best or correct course of action, but an intuitive perception is 
experienced as subjectively true, similar to the way in which sensory data is accepted 
as reality. Intuitive responses can also be much faster due to the increased speed of 
the subconscious over analytical processing (Blackler et al., 2010). For these reasons, 
response times (or performance/time on task) and accuracy (i.e. correct uses or 
errors) have emerged as some of the key constructs used to measure intuitive 
interaction. Since intuitive actions are derived non-consciously, triggered by 
familiarity with stimuli in the presented interface, awareness of the process covered 
by, or the reason for, the intuitive insight might be therefore lacking. Depending on 
the ‘distance’ of knowledge transfer (i.e. how literally or metaphorically the system 
design leverages experiential knowledge), the user might not even know that their 
intuition was dependent on previous experience, explaining the ‘magical’ feeling 
often associated with intuitive interaction (Diefenbach & Ullrich, 2015).  
Blackler (2006) devised the Technology Familiarity (TF) questionnaire as a 
tool to quantify the relevant experiences of users that might contribute to intuitive 
use with a particular interface. This survey compiled a range of products and 
interfaces with similar features to the device being studied and asked participants to 
rate how often they have used them and how many of the features they used. 
Blackler scored the responses (with greater frequency and breadth of use receiving 
higher scores) to determine the user’s overall TF score for that device. In four 
experiments focusing on interfaces from microwaves, universal remote controls and 
a digital camera, where the percentage of intuitive uses was established through 
heuristically codified observational measures, Blackler found significant correlations 
between TF scores and percentage of intuitive uses as well as other measures such as 
correct uses and time to complete set tasks. The strong links between relevant 
familiarity and intuitive use led Blackler to develop an intuitive interaction 
continuum (shown in the lower box in Figure 2.1) and design principles to help foster 
interfaces with a high potential for intuitive use. Intuitive interaction could be 
supported through designs that (1) used familiar features from the same domain, (2) 
transferred familiar features from other domains and (3) used redundancy and 
internal consistency. Blackler also developed a conceptual design tool that prioritised 
the function, appearance and location of interface elements to further guide design 
for intuitive interaction. Overall, Blackler was able to conclude that related 
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amalgamated experiential knowledge, as measured by TF, is an accurate predictor for 
intuitive use. 
An alternative (yet congruent) approach to designing for intuitive use was 
proposed by the German-based Intuitive Use of User Interfaces (IUUI) Research 
Group, drawing on Lakoff and Johnson’s (1980) work that suggested a metaphorical 
understanding of the world encoded in image schemas. Image schemas are “abstract 
representations of recurring dynamic patterns of bodily interactions that structure the 
way we understand the world” (Hurtienne & Israel, 2007, p. 130). For example, the 
up‒down image schema is set by our experience of verticality, and is applied to our 
understanding of a range of other concepts such as quantity. Up is associated with 
more of a substance because, for example, a glass is fuller when the substance within 
it reaches the top, or piles of paper are higher when in greater number. Hurtienne and 
Israel (2007) suggest that the approximately 40 acknowledged image schemas, as a 
pervasive form of sensorimotor knowledge that extends beyond cultural bounds, can 
be used in the design process to maximise the potential for intuitive use. The IUUI 
group also proposed a ‘continuum of knowledge in intuitive interaction’ (shown as 
the upper square in Figure 2.1), with types of experiential knowledge accessed 
during intuitive interaction arranged by their frequency of cognitive encoding and 
retrieval (Hurtienne & Israel, 2007; Naumann et al., 2007). 
 
Figure 2.1. Relationship between the intuitive interaction continua. 
The two groups of intuitive interaction researchers thus developed distinct 
theory about the types of experiential knowledge accessed during intuitive 
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interaction, and how designers could maximise an interface’s potential for intuitive 
use—however, there is significant overlap between these two models. The 
relationship between their proposed intuitive interaction continua is shown in Figure 
2.1 (as published in McEwan, Blackler, Johnson, & Wyeth, 2014; adapted from 
Blackler & Hurtienne, 2007). In IUUI’s continuum, the most basic and broadly 
possessed knowledge identified is innate knowledge, which has genetic origins and 
manifests in responses such as reflexes (Blackler & Hurtienne, 2007). In Blackler’s 
continuum, the most accessible design strategy is to use physical affordances, which 
take advantage of embodied knowledge of the world established early in life. This 
fits within IUUI’s sensorimotor level, which also includes knowledge applied during 
basic analytical processes (such as determining direction or identifying shapes). 
Blackler classes the next level of knowledge as population stereotype, which relates 
to IUUI’s sensorimotor and culture levels and includes knowledge broadly 
possessed, yet limited by societal bounds (such as different meanings for hand 
gestures or colours between cultures). The level with the lowest frequency of 
encoding and retrieval in IUUI’s continuum is expertise, which is knowledge held 
only by those adept at a particular speciality (such as the knowledge a programmer 
uses to code a game). To enable intuitive interaction for this group, Blackler suggests 
using familiar features from the same domain; if these are unavailable, the designer 
might have to leverage familiar features from another domain. These map to 
knowledge of tools on the IUUI continuum. For example, a tool such as a hammer 
primarily leverages sensorimotor and cultural knowledge, but a 3D-modelling tool 
such as Maya relies heavily on expertise knowledge. If the technology or context of 
use is completely new, then designers can leverage metaphor to communicate the 
intended interaction protocol. This can draw on all levels of knowledge established 
through interaction with the world (i.e. except innate), and the IUUI group 
specifically propose using image schemas as a design strategy to leverage 
experiential knowledge using metaphor. 
Both groups thus agree that a product can have a high potential for intuitive use 
if it is designed to take advantage of experiential knowledge broadly possessed by its 
target audience (Blackler, 2008; Blackler & Hurtienne, 2007; Naumann et al., 2007). 
In the IUUI group’s continuum, for example, sensorimotor knowledge, such as how 
to pour water into a glass, will generally be encoded (learned) and retrieved 
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(accessed) through frequent interaction with the world and its physical properties 
more often than knowledge residing at the expertise level, such as using a controller 
to play a first-person shooter (FPS) game. While FPS games can be (and frequently 
are) designed to enable intuitive interaction by using features familiar to these 
‘expertise’ level users, designing to leverage sensorimotor knowledge has the 
potential to enable intuitive interaction with a broader user base. Naturally mapped 
interfaces such as tangible interfaces (discussed further in section 2.3.1) are thus 
proposed by researchers to be especially ripe for this design approach, since the 
sensorimotor knowledge can be directly represented in the control interface mapping 
(Hurtienne & Israel, 2007). 
Hurtienne, Horn and Langdon (2010) identify three components of prior 
experience potentially relevant to TF and intuitive use—exposure, competence and 
subjective feeling—at three levels of specificity: the product in focus, other products 
of the same type and a broad range of products of different types. They detail three 
subcomponents of exposure: duration (the length of time used), intensity (the 
frequency of use) and diversity (the range of features used or tasks solved during 
use); the latter two are explicitly covered by the TF questionnaire at the three 
different levels of specificity (Blackler et al., 2010). Hurtienne et al. (2010) also note 
that other subcomponents of exposure could also be relevant, and that 
subcomponents are often measured concurrently, since they might not always be 
correlated. Competence, in this context, refers to the person’s skill and knowledge 
level related to successful interaction with the studied product, and can be measured 
via self-assessment or performance tests. This was effectively captured in Blackler’s 
(2008) work through the performance tests that followed with the studied interfaces. 
Finally, the component of subjective feeling relates to the user experience of product 
interaction, which can be thought of as both a pre and post condition of interaction 
with the studied product (Hurtienne et al., 2010). The user’s previous experience 
with the studied product at the three levels of specificity will inform their affective 
state in anticipation or expectation of interacting with that product. In turn, 
interaction (and potentially the level of intuitive use experienced) will influence the 
subjective feelings experienced during and immediately following use. Intuitive 
interaction is also linked with affective states and responses across the literature 
(discussed further in section 2.2.2) (Blackler, 2008; Hurtienne, 2011), although study 
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of this relationship and phenomenon is limited (Diefenbach & Ullrich, 2015; Still, 
Still, & Grgic, 2015). 
Many of the terms identified in the continua and resulting design guidelines 
(such as affordances, cultural conventions and consistency) are very familiar to HCI 
researchers and interaction designers, as they were first popularised and holistically 
advocated for design by Norman in the late 1980s. Norman (2013) is widely 
acknowledged by the HCI community as the first to collate and clearly define the 
design attributes that moderate interface usability, yet Blackler and colleagues have 
expanded understanding of these principles in terms of their relationship to intuitive 
use. Norman argues that the usability of a given interface is partly determined by the 
extent to which it takes advantage of design concepts such as affordance, natural 
mapping and consistency. Affordance determines how a user can interact with a 
given product or interface, while ‘signifiers’ can be used by designers to 
communicate appropriate interactions. For instance, a dual-analogue-stick game 
controller affords gripping with its pronged design, and the alignment of buttons and 
sticks signify where the fingers and thumbs should be placed. The physical design of 
these inputs also communicates the required actions: buttons are for pushing, triggers 
are for pulling and analogue thumbsticks feature soft rubber tops that grip the thumbs 
as they move. The amount the triggers and sticks can be moved is also physically 
constrained within a finite space, informing the range of the input possible. Physical 
affordance (and sensorimotor knowledge which involves knowing how to interface 
with designed affordances) is thus identified in the intuitive interaction continua as 
ubiquitously encoded and frequently accessed pervasive knowledge (Blackler & 
Hurtienne, 2007). 
Natural mapping employs physical analogies and cultural standards to establish 
a clear relationship between a control interface and its impact on the system 
(Norman, 2013). A spatial analogy in the interface could use directional 
correspondence, or might employ groups or patterns that reflect the relationship 
between controls and feedback. Natural mapping is represented in Blackler’s (2006) 
original continuum, where it is referred to as compatible mapping, drawing on 
population stereotypes (and to some extent physical affordances) to provide users 
with a consistent and familiar interface layout (Blackler & Hurtienne, 2007). The 
link between naturally mapped interfaces and intuitive interaction is further explored 
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in section 2.2.3. Norman (2013) also suggests standardising the interface either 
internally (so that the actions performed produce consistent results in the system) or 
externally (to take advantage of cultural conventions that inform interaction in other 
areas). This has been explicitly tied to design for intuitive use through inclusion as 
Blackler’s (2008) third design principle, ‘redundancy and internal consistency’, yet 
also is reflected in the continua through the ‘familiar features’ and 
‘culture/population stereotype’ concepts (Blackler & Hurtienne, 2007). In this way, 
Norman’s principles for design have been theoretically expanded and reappropriated 
from supporting general usability to informing design that can increase the potential 
for intuitive use. 
2.2.2 Expanded Intuitive Interaction Research 
Subsequent research on intuitive interaction expanded the field by building on 
the established theory and measurement tools through their application in a range of 
domains. This work has mainly focused on three major themes: the relationship 
between aging, familiarity and intuitive use (primarily drawing on Blackler and 
colleagues’ work) (Blackler, Popovic, Mahar, Reddy, & Lawry, 2012; Mihajlov et 
al., 2015; O’Brien, 2010; Reddy, 2012); the use of image schemas in the design 
process to encourage intuitive use (following up on the IUUI work) (Chattopadhyay 
& Bolchini, 2015; Fischer, Itoh, & Inagaki, 2015a; Hurtienne, Klöckner, Diefenbach, 
Nass, & Maier, 2015); and the relationship between ‘natural user interfaces’ (NUIs) 
(such as touch, TEIs) and intuitive interaction (discussed in section 2.2.3) (Antle et 
al., 2009; Chattopadhyay & Bolchini, 2015; Macaranas, 2013; Mihajlov et al., 2015). 
While work in each of these three themes has continued to expand upon and clarify 
the foundational theory and measurement tools, additional research has also 
highlighted gaps in these approaches as well as offering complementary or 
alternative interpretations of intuitive interaction measurement (Diefenbach & 
Ullrich, 2015; Fischer, Itoh, & Inagaki, 2015b; Still et al., 2015). 
Much of the work following Blackler and colleagues’ initial explanation of the 
relationship between TF and intuitive use examines the additional influencing role of 
age-related factors on intuitive interaction (Blackler et al., 2012; Mihajlov et al., 
2015; O’Brien, 2010; Reddy, 2012). O’Brien (2010) used a technology experience 
questionnaire (similar in design to Blackler’s (2008) TF questionnaire) to group older 
(over 65) and younger (under 45) adults by their TF level. She found that while TF 
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level was an accurate predictor of successful technology use, older adults used 
different categories of technology and even the higher TF older group did not 
perform as well as younger participants. Subsequent research found that age-related 
cognitive decline could be the additional factor influencing intuitive use for older 
adults (Blackler et al., 2012; Reddy, 2012). Reddy (2012) also used an adapted TF 
questionnaire to measure the previous experience of older adults and found that TF 
and cognitive abilities inform intuitive use in older adults (rather than chronological 
age). Further to this, Reddy found that text-only interfaces and those with a flat 
design encouraged more intuitive use than redundant (text and icons) or nested-menu 
designs (challenging Blackler’s redundancy principle). More recent research on 
technology-naïve older adults has confirmed some of these findings around interface 
complexity, noting that complex (multiple finger) touch interactions are less intuitive 
than simple drag gestures for these users (discussed further in section 2.2.3) 
(Mihajlov et al., 2015). 
Blackler’s (2008) TF and conceptual design tools were further applied and 
validated in broader research contexts, such as for website design (Mohan, Blackler, 
& Popovic, 2015) and the study of passenger navigation of airport terminals (Cave, 
Blackler, Popovic, & Kraal, 2014). Subsequent designs of the TF questionnaire have 
naturally been adapted to fit the study domain, adjusting the interface and product 
knowledge sampled to be relevant to the studied interface and at times broadening 
exposure measures beyond frequency and breadth. For example, interaction recency 
is included in Reddy (2012) and O’Brien’s (2010) work while Cave et al. (2014) 
applied a higher weight when scoring more relevant technologies (Blackler & 
Popovic, 2015). As with its earlier use, TF consistently emerged as the most 
influential predictor of intuitive use. 
Following up on the IUUI work, a number of researchers have examined the 
role image schemas can play when designing interfaces to offer a greater intuitive 
use potential (Chattopadhyay & Bolchini, 2015; Fischer et al., 2015a; Hurtienne, 
2011; Hurtienne et al., 2015; Macaranas, 2013). Hurtienne (2011) conducted a range 
of studies and found that interfaces generally offered improved performance and 
usability outcomes when redesigned to conform with image schema theory. Further 
research aimed to more tightly integrate image schema theory into a user-centred 
design process in a way that was judged to be more intuitive, innovative and 
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inclusive by both users and designers alike (Hurtienne et al., 2015). Fischer et al. 
(2015a) propose a new, more automated, means to evaluate knowledge transfer of 
relevant image schemas to guide the redesign of proposed interface prototypes. In 
their work, existing methods for measuring intuitive interaction are criticised as 
being time-intensive for designers/researchers and users alike as well as focusing too 
much on the symptoms of intuitive use rather than quantitatively evaluating the 
transfer of previous knowledge in the form of image schemas (Fischer et al., 2015a, 
2015b). They argue that design strategies aimed at improving intuitive use are most 
successful in novel/innovative or complex systems, and that applying these strategies 
on systems where the interface is simple (the image schemas are basic and clear), or 
where users are highly experienced, might offer little gain in intuitive potential. 
Further work on the role of image schemas in the design of NUIs is discussed in 
section 2.2.3. 
Other work in the intuitive interaction field highlights the need for further 
research on the affective response that is coupled with intuitive interaction 
(Diefenbach & Ullrich, 2015; Still et al., 2015). This was identified, yet was not 
further explored, by early work as the subjective feelings that accompany an intuitive 
insight, or the ‘ah-ha!’ moment, as well as perceptions related to prior experience 
that might contribute to usability (Blackler, 2008; Hurtienne, 2011; Hurtienne et al., 
2010). Still et al. (2015) call for more research into these affective aspects of 
intuitive interaction, highlighting that affect is repeatedly identified as a core 
component of intuitive experience and has been clearly linked to familiarity. 
Diefenbach & Ullrich (2015) identify four components of the subjective experience 
of intuitive use: gut feeling (guided by unconscious thought), verbalisability (hard to 
identify the source of insight), effortlessness (quick and easy interaction) and 
magical experience (accompanied by feelings of positive affect). They further 
theorise that the domain transfer distance, “the distance between the application 
domain and the origin of prior knowledge that enables intuitive interaction” 
(Diefenbach & Ullrich, 2015, p. 218), interacts with these components to influence 
perceptions of intuitive use. Namely, if domain transfer distance is short or easy to 
connect (as with image schemas and sensorimotor knowledge), then verbalisability 
and effortlessness will be maximised in the experience and the other components will 
be minimised. If the domain transfer distance is high (as with transfer from other 
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domains or with the use of metaphor), then gut feeling and magical experience will 
be maximised in the subjective experience (up to a theorised limit where the potential 
for transfer and intuitive use fade), while the other components are minimised. Still 
et al. (2015) propose a similar conceptualisation, with effortless interactions at one 
end of the intuitive interaction continuum and novel interactions at the other. 
Through sampling responses with users to hypothetical usage scenarios, Diefenbach 
and Ullrich (2015) were able to offer some initial validation of the theorised 
relationships between their constructs, opening up a new avenue of exploration for 
intuitive interaction researchers. Games researchers might be able to offer insight on 
this affective component of intuitive interaction since a component-based analysis of 
the affective response to interactive systems has been well developed in player 
experience work (as discussed in section 2.1). 
Research into intuitive interaction is clearly a growing field, with work 
building on the foundational theory and measurement tools to expand understanding 
of this phenomenon across a range of domains. While much of this research 
continues to draw upon, adapt and reinforce the established theory represented in the 
existing continua, TF work, image schematic work and design principles; researchers 
have also begun to offer alternative and complementary theories and measurement 
protocols. The following section explores research highlighting the perceived 
intuitive use benefits or drawbacks of NUIs and the limited intuitive interaction work 
on video game controls. 
2.2.3 NUIs and Intuitive Video Game Controls 
TEIs are frequently claimed to be ‘natural’ and offer a greater potential for 
intuitive use due to the transfer of sensorimotor-based knowledge, which image 
schemas primarily consist of (Hurtienne & Israel, 2007), and the use of more literal 
‘reality-based’ interaction mappings (Jacob et al., 2008). Some intuitive interaction 
research has supported these claims by demonstrating the intuitive use benefits of a 
non-digital tangible toy compared with its equivalent digital touchscreen version 
(Desai, Blackler, & Popovic, 2015). However, Hornecker and other HCI researchers 
have critiqued intuitive interaction design principles as relying too heavily on 
transfer of knowledge from existing interfaces, which they say limits the novelty of 
design solutions, and challenged the assumption that so called NUIs can seamlessly 
leverage real-world sensorimotor knowledge in a natural or intuitive way 
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(Hornecker, 2012; Hurtienne et al., 2015; Norman, 2010). In an experiment with an 
augmented and tangible storybook system designed for children, Hornecker (2012) 
found that the physical properties of TEIs created unconscious expectations for users 
that resulted in a mismatch between the system’s conceptual model for interaction 
and users’ assumed mental model of how the system works. Rather than purely 
focusing on facilitating unconscious knowledge transfer and ‘natural’ interaction, 
Hornecker argues that these systems should be ‘seamful’, offering opportunities for 
conscious reflection and learning that adjust expectations to match the possible 
inputs with the resulting system response.  
Three other intuitive interaction studies that focused on embodied interfaces 
offer some support for and lessons about the intuitive potential of NUIs (Antle et al., 
2009; Chattopadhyay & Bolchini, 2015; Macaranas, 2013). In Antle et al.’s (2009) 
study, an embodied interface used to modify sound was compared using two 
different control mappings—one labelled ‘intuitive’ using conceptual metaphors 
(image schemas), and the other labelled ‘non-intuitive’ and using more random 
mappings. Their main finding from the qualitative analysis focused on task 
performance and verbalisations was that simply using image schemas is not enough 
to make the interface intuitive—the control actions (and resulting system response) 
must also be easily discoverable by the users. This also implies that to test 
knowledge transfer for intuitive use with embodied interfaces, which rely on 
recognising more complex data than other systems (i.e. motion sensing), the discrete 
control actions might have to be manually exposed to users. That is, the interaction 
protocol needs to be clear for users when their intuitive interactions are being 
assessed. This is true, unless the research goal is to assess discoverability as it relates 
to intuitive first uses of interface elements. An additional result concurs with 
Hornecker’s (2012) findings with tangibles—users might misinterpret feedback, 
affordances or signifiers to incorrectly assume that certain control actions were 
accepted as correct by the system (and thus continue to use them in error). 
Macaranas (2013) explored the impact of different mappings on the intuitive 
potential of an embodied interface, comparing an interface with image schematic 
metaphoric mapping with interfaces employing mappings classed as ‘isomorphic’ 
and ‘conventional’. Although limited differences were found in the outcome 
measures, perhaps due to lack of clarity between mapping types, Macaranas did 
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conclude that gestures need to be grounded in prior experience for users to see them 
as ‘natural’ or ‘intuitive’. Chattopadhyay & Bolchini (2015) used Microsoft Kinect 
to measure intuitive 2D gestures (again based on image schemas) and discovered that 
gesture design on these types of interfaces, and the play environment layout, might 
impact its intuitive potential. They argue that embodied interfaces that utilise 3D 
gestures are drawing on expertise rather than sensorimotor knowledge, limiting their 
intuitive potential. Their system appears to feature some game-like elements—
automated tasks were presented to the 17 participants, which involved gesturing to 
move an on-screen circle from its starting base through a target line. The researchers 
measured performance time and errors (in line with intuitive interaction theory), with 
results showing that movement direction affected the efficiency (time) and 
effectiveness (errors) of strokes, while an increase in stroke length decreased 
efficiency yet improved effectiveness. Gestures around the body’s mid-level were 
easier to perform (compared with gestures around the shoulder plane). The physical 
dynamics of the space also affected results, since participants were seated to relieve 
their fatigue; however, they tended to lean on the couch armrest, which supported 
some gestures but hindered others. 
Despite frequent claims about the intuitive nature of NMCIs for video games, 
application of intuitive interaction theory and tools to evaluate their intuitive 
potential is extremely limited in the current literature (beyond work from the current 
research programme, e.g. McEwan et al., 2014). Mihajlov et al. (2015) offers one of 
the only exceptions through their study of the intuitive potential of touch-based 
gestures with technology-naïve older adults on a series of tabletop surface games. 
Seventeen participants with an average age of 67 took part in the study, playing three 
basic tabletop touch games designed by the researchers to measure their own 
learning and intuitive use of basic gestures. The games involved moving city names 
to match countries on a map (to measure how intuitive the drag gesture was), 
dragging playing cards to solve basic arithmetic (to see if the drag gesture was 
learned) and moving jigsaw puzzle pieces into place (to test the drag-and-rotate 
gestures). A basic version of a TF instrument was deployed to confirm the 
participants’ ‘naïve’ status. The main finding for the drag gesture was that it was 
‘intuitive’ as participants learned, corrected and completed drag tasks quickly, 
whereas the rotate gesture was ‘unintuitive’, or difficult to learn, since less than half 
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the sample was able to even complete it correctly. The claims around intuitiveness 
are based wholly around objective performance measures, as the TF measure was not 
used to further assess or group participants according to existing knowledge levels. 
Some of the performance measures were also compared across games, even though 
the tasks and interfaces were different. The basic nature of the games, which would 
be classed as simple puzzle games or broadly categorised as casual games, and the 
size and characteristics of the participant sample, further limits the generalisability of 
the study’s findings for games researchers and the current research programme. 
One way to categorise the impact a control interface might have on the player 
experience is to determine its potential for intuitive use. Ryan et al. (2006) 
recognised that how intuitive the player perceives the controls to be is a major factor 
contributing to the degree that psychological needs are satisfied during play. This 
could be because video game interactivity, arguably the medium’s defining 
characteristic, is facilitated by the control interface, making it the gateway for 
players’ psychological stimulation and engagement with game content. Measuring 
TF with the same or similar control interfaces sets up the potential to determine if a 
player is subconsciously leveraging relevant previous experiential knowledge during 
interaction for increased mental efficiency and improved performance outcomes 
(Blackler, 2008), which is the definition of intuitive use supported by the current 
research programme. TF measures alone could be used as a distinguishing 
characteristic of the player, providing greater detail than traditional unidimensional 
measures of previous gaming experience, such as hours of play (as discussed in 
section 2.1.1), to examine how different types of familiarity influence the player 
experience and the accessibility of the studied interface. Intuitive interaction research 
also provides a range of approaches for measuring intuitive use that might be adapted 
for the games domain (Blackler & Popovic, 2015). 
Overall, intuitive interaction research suggests that through considered design, 
NUIs can increase the potential for intuitive use; however, more work is needed, and 
unique design challenges (such as applying the correct mapping metaphor, making 
interactions discoverable and considering ergonomic factors) exist that must be 
overcome (Antle et al., 2009; Chattopadhyay & Bolchini, 2015; Hornecker, 2012; 
Macaranas, 2013; Mihajlov et al., 2015). The video games research domain finds 
itself in a similar position to the broader HCI field at the emergence of intuitive 
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interaction theory, with intuition’s properties and role largely assumed, and little 
empirical evidence to back frequent claims about the intuitive nature of interfaces 
(Blackler, 2006). It is clear that both fields of research, intuitive interaction and video 
games, have much to gain from one another. Games researchers gain a grounded 
definition of, and tools to measure, a construct deemed to influence the player 
experience and frequently referred to throughout research and industry for its power 
to improve gaming accessibility. The intuitive interaction field gains a relatively 
unexplored frontier to test its established theory and tools, one that is well equipped 
to offer insight into one of the core components of intuitive use that remains largely 
unexplained: the affective experience. With research focus on embodied and tangible 
interfaces escalating in both domains in recent years, NMCIs for video games is an 
ideal unexplored convergence point ripe for study. 
2.3 NMCIs 
The impact of different types of controllers on the player experience of video 
games has attracted increased academic interest over the last decade within the 
games and broader HCI research communities. Over this time, new types of control 
interfaces (such as touch, motion, camera/augmented reality and voice recognition) 
were incorporated into all mainstream gaming hardware releases as the industry 
recognised the power of different interaction methods for selling game consoles and 
software. ‘Naturally mapped control interfaces’ is an umbrella term used to describe 
interfaces that incorporate these technologies to support interaction techniques in line 
with HCI theory for TEIs.  
2.3.1 TEIs and Mapping to Virtual Controls 
Theory around TEIs in the HCI field has produced frameworks that can inform 
analysis of different NMCIs for video games. In their seminal introductory work on 
tangible user interfaces (TUIs), Ishii and Ullmer (1997) outline their vision for 
transition from existing human‒computer interaction paradigms back to the richness 
of a haptic world, using everyday objects in the environment as interfaces with the 
digital world. Areas of interest discussed include the use of interactive surfaces, 
coupling of ‘bits’ and ‘atoms’ (pairing digital information to everyday objects) and 
the use of ambient media. In their follow-up paper, Ullmer and Ishii (2000) further 
develop theory on TUIs by offering an evolved version of the Model-View-Control 
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(MVC) interaction model. MVC has traditionally been used to articulate the 
relationship between the underlying programmatic model, the manipulated controls 
and feedback provided through the graphic user interface (GUI). Ullmer and Ishii 
identify TUIs as separately exposing the Control and View to the user, and therefore 
rearrange the MVC model to MCRpd (Model-Control-Representation [physical and 
digital]), where the relationship between control of the model is directly exposed 
through its intimately coupled physical ‘atoms’ and digital ‘bits’. 
Koleva, Benford, Ng and Rodden (2003) further Ullmer and Ishii’s concept of 
computational coupling by developing a vocabulary to assess the strength of the 
mapping. A continuum of ‘coherence’ between the physical and digital 
representations is described, ranging from a ‘general purpose tool’ that controls a 
number of digital objects to a pairing that assumes the illusion of being singular 
(even though the item exists in both the physical and digital world). Several 
properties of cohesion are outlined, including ‘transformation’ (essentially the extent 
to which metaphor is used in the mapping), ‘sensing of interaction’ (the extent to 
which movement with or around the tangible has an effect) and ‘cardinality of link’ 
(the number of virtual effects the tangible is linked to). Fishkin (2004) uses the term 
‘full embodiment’ to describe the singular illusion of strong coherence. On Fishkin’s 
(2004) taxonomy, however, the ‘embodiment’ axis is more about the distance 
between input and output; stepping down to a coupled response that is ‘near’, a 
response communicated through immediate ‘environmental’ feedback, and finally a 
response that is ‘distant’. Interactions with video games through controllers, where 
digital feedback is mediated by a screen, would mostly be categorised as ‘distant’ 
according to Fishkin’s embodiment scale. However, in some cases, more ‘cognitive 
distance’ between input and output might be preferable—for example, a game that 
uses ‘waggle’1 to do an unrelated virtual control action such as picking up an object. 
In this case, having the feedback on a screen establishes cognitive distance and 
lessens the expectation for a higher degree of control fidelity (e.g. using an action 
that actually resembles picking up the object). Mappings that nonsensically employ 
waggle would be classed as ‘none’ on Fishkin’s axis of ‘metaphor’, which articulates 
                                               
 
1 Waggle is a term that emerged to describe the physical control action required to trigger virtual 
actions in an abundance of poorly mapped motion-control games—usually nonsensical shaking of the 
input device. 
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the strength of the analogy between input and response by its use of ‘noun’ (analogy 
of object), ‘verb’ (analogy of action), ‘noun and verb’ or ‘full’ metaphor (where no 
analogy is needed and in the user’s mind, the physical system is the virtual system). 
Wyeth (2008) undertook initial work on applying these fundamental TUI 
principles (Fishkin, 2004; Koleva et al., 2003; Ullmer & Ishii, 2000) in the games 
research space by integrating them with her earlier research on flow. Wyeth 
investigated tangible interactions in Nintendo Wii games, developing a method for 
evaluating how mapping between physical and virtual controls modifies the player 
experience. Wyeth determined the coordinates of the control schemes found in 
several Wii games in relation to the quadrants of the ‘Tangible Interaction 
Framework’, which maps the TUI attributes of ‘representation’ (iconic/metaphor 
versus symbolic/no metaphor), against ‘challenge’ from GameFlow (Sweetser & 
Wyeth, 2005) on the vertical axis. On the horizontal axis, the ‘control dimension’ 
(static/strong coherence/full embodiment versus dynamic/weak coherence/loose 
embodiment) is mapped against the concept of ‘skills’ from GameFlow. Wyeth 
(2008) proposed that iconic physical representations of control will be more 
accessible than symbolic mappings and therefore present less of a challenge. 
Similarly, less skill is required when controls are mapped statically (have a one-to-
one ‘coherent’ relationship) than if they are dynamic (the tangible peripheral has a 
shifting definition in the virtual world). For example, it was proposed that due to 
these qualities, the iconic/static mapping in Wii Sports Tennis (Nintendo EAD, 2006) 
was easier to learn and interact with than a motion-controlled cooking game. The 
alignment of TUI and GameFlow principles, Wyeth argued, offered opportunities to 
evaluate these control interfaces for their potential to support enjoyment during play. 
Dourish (2001) laid the groundwork for embodied interaction by arguing that 
HCI is not just about what we do to interact with digital systems, but also how we do 
it. Embodied interaction is defined by exploring more ways that we can interact with 
computers in the same way that we interact as embodied individuals in our world, 
removing the barriers between humans and computers. Whether using standard or 
gestural controls, or even leveraging augmented or virtual reality computing, the 
design goals for embodied interaction through the control interface remain the same. 
Dourish (2001) expressed this by referring to a control interface as being ‘ready-to-
hand’ or ‘present-at-hand’, two concepts that the 20th century German philosopher 
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Heidegger used to illustrate how our physical being shapes our view of the world. A 
device is ‘ready-to-hand’ when it serves its purpose as equipment, disappearing from 
our consciousness as we focus on the task it was designed to facilitate. ‘Present-at-
hand’ is the only way in which the device exists as a separate concept in our mind 
(rather than just as a means to an end). If an interface is doing its job, it is ready-to-
hand, allowing the virtual world that we inhabit to reveal its meanings within the 
context of our intentions. 
A number of researchers have explored ways to evaluate interfaces designed 
for embodied interaction (Fernaeus, Tholander, & Jonsson, 2008; Fjeld & 
Barendregt, 2009; Hornecker & Buur, 2006; Jacob et al., 2008; Klemmer, Hartmann, 
& Takayama, 2006). An ‘action-centric approach’ is discussed by Fernaeus et al. 
(2008), and acknowledges the ways in which tangible resources open up meaningful 
possibilities—for example, the tangible Wiimote, which enables more socially and 
physically relevant interaction styles. TUIs might provide opportunities for 
‘epistemic action’, where the tangible is manipulated in a way that does not directly 
contribute towards task completion, but rather represents thinking out a problem in 
the space (Fjeld & Barendregt, 2009). Klemmer et al. (2006) argue that reflective 
reasoning is too slow, and that physical interfaces enable a tighter interaction loop 
that can capitalise on embodied attributes such as motor memory. An interface that 
takes advantage of the awareness and skills possessed by the body, and the full range 
of articulation and communication possible through it, can provide both accessibility 
for newcomers and advanced interaction styles for expert users (Hornecker & Buur, 
2006; Jacob et al., 2008; Klemmer et al., 2006). Elements of the interface embedded 
in our environment can take advantage of our spatial awareness and orientation. The 
visibility of these elements can also expose new social possibilities; the meaningful 
placement of tangible elements can inform behaviour and encourage advanced 
collaboration.  
Recently, however, critique of the true naturalness of so-called ‘NUIs’ that use 
tangible and embodied interaction has emerged from some of the founding fathers of 
HCI design principles (Norman, 2010; Norman & Nielsen, 2010). Norman argues 
that while gesture- and touch-based systems are valuable and promising forms of 
interaction, they are no more or less natural than other interaction mediums. Norman 
also identifies a lack of consideration for fundamental HCI principles as causing 
 Chapter 2 Literature Review 39 
inconsistency in interface design with touch and gestural systems, leading to errors 
and confusion for users. Bowling from Wii Sports2 (Nintendo EAD, 2006) is cited as 
a prime example of poor design, as the controls were ‘too natural’ and caused users 
to throw their Wiimotes in an attempt to release the virtual bowling ball (a 
phenomenon that garnered much attention on social media due to controllers 
smashing through TV screens). This issue was quickly addressed by increasing 
warnings and redesigning the wrist strap, rather than changing the interaction 
paradigm. Much of the critique is focused at inconsistent gestural and interface 
design on touch-based systems, serving as a timely reminder for designers to step 
back and remember the core usability principles that are valid regardless of input 
type (such as feedback, consistency and error correction). The current research 
programme acknowledges relevant academic discourse around NUI terminology, and 
sparingly uses ‘NUIs’ as an umbrella term to describe interfaces that leverage natural 
mapping and/or are in line with theory for tangible and embodied interaction. An 
NUI is thus ‘natural’ to the extent that it either successfully employs natural mapping 
to improve accessibility through correspondence between physical controls and 
virtual feedback (Norman, 2013), or leverages the capabilities and attributes of the 
human body (such as motor memory, sensorimotor awareness, wearability and skills 
such as gesturing, manipulation of tangible objects, natural language, and 
spatial/situational awareness) for user-centred design. 
While examining the impact of different physical control interfaces for games 
addresses one side of the mapping model, on the other side are the virtual control 
actions that the physical control inputs are mapped to, which could be examined 
independently for their influence on the player experience and intuitive interaction. 
For example, a button push triggering a character to jump, or swinging the controller 
to swing a virtual golf club. One way to assess the impact of mapping to virtual 
controls is to measure feelings of effectance. Effectance in video games describes the 
perception of influence players have over the game environment (Klimmt & 
Hartmann, 2006), or in essence, their sense of virtual control. This concept could be 
linked to perceptions of competence or autonomy, and is argued to facilitate 
presence. Lombard and Ditton (1997, Interactivity, para. 2-6) outline the causes and 
                                               
 
2 Wii Sports was a launch title for Nintendo’s Wii gaming platform where players are required to use 
motions controls to play a range of sports minigames. 
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effects of presence in rigorous detail, but most notably cover interactivity as a causal 
factor, discussing five key variables (bracketed terms added):  
1. the number of causal inputs (physical control channels) 
2. the number and type of characteristics of the mediated environment that 
can be modified (virtual effectables) 
3. the range to which these characteristics can be modified (scale of virtual 
effectance) 
4. the degree of correspondence between the type of user input and the type 
of medium response (naturalness of mapping) 
5. the speed at which the medium responds to user inputs (responsiveness). 
The italicised notes for each item highlight the relevance of these attributes, not 
only in defining control interface mapping, but also in how virtual effectance could 
alter presence potential. Sah et al. (2010) cite a similar interpretation of the 
components of interactivity: speed (item 5), range (items 2 & 3) and mapping (items 
1 & 4) (Steuer et al., 1992). Physical control channels into a game are necessarily 
limited, not only by the precise number and degrees of freedom of each physical 
control input, but also by the ‘virtual effectables’ and ‘scale of virtual effectance’ 
they can be linked to. This speaks to Wyeth’s (2008) ‘control dimension’ of static 
versus dynamic mapping of user input, as well as Brown et al.’s (2010) functionality 
component of game controller evaluation and Shafer et al.’s (2011) notion of 
technological interactivity (discussed further in the following sections). The fourth 
variable, annotated as ‘naturalness of mapping’, refers to core theory about NMCIs 
present in frameworks such as Skalski et al.’s (2011) typology for naturally mapped 
controls and Ishii and Ullmer’s (Ishii & Ullmer, 1997) notion of an embedded haptic 
tangible coupled to its digital representation. Finally, the fifth point referring to 
‘responsiveness’, which can be tied to technological constraints or inefficient 
programming, addresses the temporal delay between user input and resultant output, 
or ‘lag’,—also identified as a potential issue with NMCIs (Martin & Wiemeyer, 
2012; McMahan et al., 2010). 
Virtual controls, as considered through the lens of effectance or autonomy, 
could explain a significant portion of intrinsic motivation to engage with video 
games, and should not be discounted for their potential to modify the player 
 Chapter 2 Literature Review 41 
experience (Klimmt & Hartmann, 2006; Ryan et al., 2006). Their coupling with 
physical controls, and resulting influence on perceived competence and presence, 
might offer explanations for differences in the player experience between different 
control schemes. Part of the difficulty of this research, however, is the extent to 
which it can be explored without internally developing software to have full control 
over the variables at play. As such, the game environments tested in this field are 
generally basic and lack the mechanical complexity or visual fidelity for true 
ecological validity (Ghazali, Dix, & Gilleade, 2015; Klimmt et al., 2007; Lankes, 
Hochleitner, Hochleitner, & Lehner, 2012). While the variability of control interface 
types is limited, the variability of gameplay mechanics relating to virtual effectables 
in digital environments is potentially infinite. Further controlled experimentation in 
this area is certainly needed to identify valid metrics, yet practical examples of 
research designed to do this are currently limited. Presently, it might be enough for 
this work to support NMCI research by explicating the mapping between physical 
control inputs and the ‘virtual effectables’ they are tied to. This might help to limit 
confounding virtual effectance variables, such as inconsistent mapping between 
control interfaces and games (Limperos et al., 2011; Rogers et al., 2015), allowing 
for isolation and control of a more concrete independent variable: the NMCI type. 
While this work highlights that general HCI principles apply to video games, 
especially in regards to ergonomics and mapping in interface design, it also shows 
the need for games researchers and designers to establish their own customised 
principles that address the domain’s unique opportunities, qualities and constraints. 
This includes a shift of focus from general HCI usability and user experience 
paradigms to more specialised measurement of games user research and the player 
experience. Similarly, while broader TEI theory and classification has helped to 
initially inform understanding of NMCIs for video games, and is useful for further 
analysis, games researchers have worked to establish their own theory and 
frameworks to develop deeper understanding in their domain. 
2.3.2 Naturally Mapped Control Interfaces for Video Games 
Concurrent with Norman’s (2013) description of natural mapping for general 
design, and consequent study of ‘natural interfaces’ such as TEIs in HCI, NMCIs for 
video games possess a higher degree of correspondence between the physical 
interface and corresponding system response. As such, NMCIs involve interactions 
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with less abstraction between the task to be virtually achieved and the action required 
to achieve it. It is therefore reasonable to assume that these control interfaces are 
more accessible, provide the potential for more nuanced virtual control and remove 
barriers to enjoying the game. For example, making the main game character swing 
their sword a particular way should be easier to remember, provide greater 
proprioceptive feedback and be more satisfying to perform if the player physically 
swings a control wand (such as the Wiimote) the way they want their character to do 
it rather than having to perform stick-and-button combinations. Additionally, if the 
interface mapping (and the supportive technology) is strong enough, then the player 
should be able to achieve much more freedom in how they execute control actions, 
with potentially a much finer degree of control than with a traditional controller. 
NMCIs may more easily become an embodied extension of the player that they can 
think through, rather than something they have to think about (Kirsh, 2013). In 
theory, the barriers to performing well in a game move from mastery of a control 
device to mastery of one’s own actions as relevant to the game mechanics.  
The vast majority of research on the impact of NMCIs on video games has 
taken place across three genres of games: sports (e.g. J. Downs et al., 2014; Freeman 
et al., 2012; Limperos et al., 2011; McGloin et al., 2013, 2011; Mizobata et al., 2014; 
Nijhar et al., 2012; Shafer et al., 2011, 2014), racing (e.g. Abeele et al., 2013; Cairns 
et al., 2014; Herrewijn & Poels, 2013; McMahan et al., 2010; Sah et al., 2010; 
Schmierbach et al., 2012; Skalski et al., 2011) and shooters (e.g. Barlett et al., 2007; 
Birk & Mandryk, 2013; Johnson et al., 2002; Kim, Biocca, & Jeong, 2011; McGloin, 
Farrar, & Fishlock, 2015; Rogers et al., 2015). The research focus on these genres 
appears to be driven by limitations in control interface options, with games in these 
genres being the most likely to offer a variety of distinct controller choices. While 
some researchers develop their own games for study to increase experimental control 
(e.g. Andersen, Nasrollahi, & Moeslund, 2014; S. Bateman et al., 2011; Birk & 
Mandryk, 2013; Cairns et al., 2014; Freeman et al., 2012; Nacke et al., 2011), 
released commercial games and control devices are generally preferred in order to 
avoid development burden and increase the ecological validity of results. 
Early research on control interfaces largely focused on how devices impacted 
preference and performance factors (Brokaw et al., 2007; Johnson et al., 2002; 
Kavakli & Thorne, 2002). Johnson et al. (2002) canvassed the preferences of 33 
 Chapter 2 Literature Review 43 
participants before and after play for a regular gamepad or a ‘physically controlled 
peripheral’ across two PlayStation 2 (PS2) games: SSX (EA Canada, 2000) (a 
snowboard racing game with a board controller that translated horizontal shifts in 
weight to snowboard control) and Time Crisis II (Namco, 2001) (an arcade shooter 
with a light gun peripheral). Through observational, interview and survey methods, 
preference for the more physical controllers was found to be complex and moderated 
by factors such as ease of control, amount of fun, intuitiveness and degree of realism. 
Previous gaming experience levels and gender also played an important role—while 
all participants preferred the light gun for the shooter, males and experienced gamers 
preferred the gamepad to the ‘snowboard’, while females and inexperienced gamers 
tended to (at least initially) prefer the more physical controllers across games. 
Differing expectations and requirements in terms of game performance across these 
groups is one interpretation the authors put forward to explain these differences. 
Another early study explored differences in usability, performance and 
preference between more traditional control inputs such as keyboard, mouse and 
joystick (Kavakli & Thorne, 2002). Testing the devices with four participants across 
an arcade and simulation racing game found that the control device affected 
performance, and device preference seemed to be related to the gameplay type. 
Brokaw et al. (2007) again focused on the performance impacts of three traditional 
control interfaces (keyboard and a gamepad for both PC and PS2) for 36 participants 
during racing game play. Overall, the study found that males and experienced users 
had higher performance results with the gamepad, yet higher previous experience 
levels and a lack of experimental control over the steering input used with this device 
might have influenced results. Gerling et al. (2011) also focused on platform 
differences (keyboard/mouse on a PC and a PS3 controller), to assess whether 
playing on the participants’ regular platform influenced performance and broader 
player experience results. They found that players reported few differences in their 
experience on both platforms, yet did report higher challenge and more usability 
issues when using the less familiar platform/device. A later study that focused on 
view manipulation in a custom-designed racing game also assessed performance and 
preference outcomes, comparing a mouse and keyboard to a tangible steering wheel 
controller across nine participants (S. Bateman et al., 2011). Performance and 
enjoyment was lower in the overhead view and with the mouse, indicating that both 
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the physical control interface and visual interface could impact these types of 
measures. 
Brown et al. (2010) attempted to eliminate the potential for input issues to 
confound results by employing what they called a ‘multi-component game controller 
evaluation’. Prior to testing a keyboard, gamepad and racing wheel with Colin 
McRae: Dirt (Codemasters, 2007) for PC with 12 participants, and capturing the data 
generated by each control device’s steering input, they analysed each device’s 
functionality in terms of the quantity and range of outputs it could produce relative to 
the game’s inputs (or possible control actions). Their functionality analysis aligned 
with user satisfaction results and showed that the racing wheel had the greatest range 
and sensitivity, followed by the gamepad and then the keyboard. Further analysis of 
analogue steering data logs revealed why the steering wheel was ranked the worst in 
terms of effectiveness—its heightened analogue sensitivity was only fully utilised by 
high-performing players. Brown et al. concluded that a more sensitive control 
interface is only useful in experienced hands, and hailed this finding as representing 
the benefits of a multi-component approach to evaluating control interfaces for 
games. Other researchers have also tested the functional or efficiency differences of 
specific control inputs in custom virtual environments, although it is difficult to 
generalise these metrics to an assessment of a complete control interface’s impact on 
the player experience (Klochek & MacKenzie, 2006; Natapov & MacKenzie, 2010). 
While these studies represent early and exploratory work with relatively small 
sample sizes, they also serve to establish some important factors relevant for NMCI 
research. This includes the need for strict experimental control, metrics for 
performance measurement in games, rationale for device preferences and the 
influencing role of demographic factors. 
2.3.3 Broad Categories for NMCIs and their Impacts 
The release and proliferation of more advanced NMCIs, driven by the success 
of Nintendo’s Wii and the release of rival motion-control systems from Sony and 
Microsoft, prompted the assessment of NMCIs to extend beyond performance and 
preference outcomes towards an attempt to categorise them into meaningful groups 
and examine their impact on the psychological experience of play. While 
categorisation initially focused on binary distinctions between natural and non-
natural (or traditional) mapping, researchers also identified additional dimensions for 
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categorisation, such as the level of realism versus symbolism, interactivity, fidelity 
and the amount of body movement the interface required or encouraged. Analysing 
the impact of these different control types also began to include a more dynamic 
interpretation of the player experience by examining constructs such as enjoyment, 
flow, and presence or immersion. 
A number of NMCI studies have used binary classifications such as 
‘natural/realistic/motion’ versus ‘non-natural/symbolic/traditional’ to categorise their 
tested control interfaces (E. P. Downs, 2008; McMahan et al., 2010; Pietschmann et 
al., 2012; Sah et al., 2010; Williams, 2013). McMahan et al.’s (2010) study examined 
the use of four different control interfaces (two ‘natural’ and two ‘non-natural’) in 
Mario Kart Wii (Nintendo EAD, 2008), focusing on how controllers moderated 
performance and enjoyment for 16 participants. Players correctly perceived that the 
non-natural controllers provided more accurate controls (better lap times and fewer 
errors), and were preferred by a minority of players focused on performance; 
however, the majority preferred the natural controllers because they were more 
enjoyable. Some hypotheses made about the cause for the lower performance with 
the natural controllers include the fact that they required the use of larger muscle 
groups and might have suffered from technological issues around input latency. 
Williams (2013) examined presence differences with a ‘natural’ (Wiimote/Nunchuk) 
and ‘traditional’ (buttons only) control interface using the boxing game Punch Out!! 
(Next Level Games, 2009), with 36 participants in each condition. While differences 
were not found for ‘physical presence’ (possibly limited by the 23” display used in 
the study), natural controls facilitated higher feelings of transportation, as shown 
through ‘self-presence’ results (more akin to spatial-presence and identification with 
the avatar). 
The effects of using motion (Wiimote) or ‘symbolic’ (analogue stick and 
buttons) controls on presence, enjoyment and (both in-game and real-life) golf 
putting performance was examined in an early study of NMCIs with 131 participants 
assigned to either controller (E. P. Downs, 2008). Results of multiple path analyses, 
controlling for gender and real-world golf experience, showed that motion controls 
significantly improved both in-game and real-life putting performance, as well as 
leading to greater enjoyment, feelings of golf-efficacy and liking golf. The link 
between the control interface and presence, however, did not reach significance 
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thresholds. In another between-subject Wii study, Pietschmann et al. (2012) assessed 
both presence and immersion differences with 136 participants using either a 
Wiimote in a plastic tennis racket shell (classed as Authentic/Realistic mapping) or a 
Wii Classic Controller (classed as Arbitrary/Abstract mapping). While one of the 
study’s goals was to conceptually separate immersion and presence, there were more 
similarities than differences, with the racket control interface generally earning 
higher scores. Some distinctions were found by grouping participants by their 
general previous game and real-life tennis experience levels. For example, 
experienced gamers showed no presence differences between control interfaces, and 
those with higher real-life experience also reported higher levels of presence and 
immersion when using the racket controller. Using a similar classification, Sah et al. 
(2010) examined embodiment, presence and enjoyment differences with 98 
participants grouped by their real-life driving experience (novice or expert) using 
‘realistic’ (racing wheel) and ‘symbolic’ (keyboard) controllers with Test Drive 
Unlimited (Eden Games, 2007). The steering wheel condition produced significantly 
higher levels of embodiment, presence and preference for future play. Females and 
novice drivers reported higher enjoyment overall, while females and those with 
higher previous gaming experience and immersive tendencies reported higher 
presence levels across devices. 
Using a different approach, Shafer et al. (2011) categorised control interfaces 
by their ‘level of technological interactivity’, or the number of points used by the 
control interface for sensing input. In their first experiment, 160 participants were 
assigned to one of six golf or racing games across three ‘interactivity’ levels (high 
with the Move or Kinect, medium using Wii and low using traditional controllers), 
while the second experiment assigned 88 participants to one of three boxing motion-
game conditions (classing Kinect as high interactivity, Move as medium and Wii as 
low). Perceived gaming experience and skill levels were also measured with single 
self-rated items. While the first study failed to find a relationship between 
interactivity level and presence, both measures were found to positively predict 
enjoyment levels, yet only with perceived skill in the path model. The second study 
found that interactivity and perceived skill predicted both presence and enjoyment, 
with higher levels reported by participants who played Kinect. Because different 
games were used between conditions in both experiments, however, it is unclear 
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whether it was the ‘level of technological interactivity’ or other game-related factors 
causing these differences. 
Freeman et al. (2012) also looked at the impact of interactivity, yet classified 
control interfaces for a custom table tennis video game by two dimensions of fidelity: 
interaction fidelity and prop fidelity (or physical realism). All 18 participants used 
the three different prop fidelity conditions that employed a combination of Kinect 
and IMU3 sensors: hand only, stick and paddle. Participants were split across three 
different interaction fidelity conditions: one where only the correct timing and 
direction of swing was required (‘velocity’), one that also required correct 3D 
location of the hand (‘position’) and another that also required the correct angular 
orientation (‘full’). Results showed higher preference for the paddle, but only when 
using ‘full’ interaction fidelity, suggesting that prop fidelity might influence player 
expectations of interaction fidelity. While prop fidelity did not influence performance 
results overall, lower interaction fidelity did lead to significantly improved 
performance. Nijhar et al. (2012) also examined control interfaces varying in 
interaction fidelity (or ‘movement recognition precision’), yet sought to measure how 
these modified players’ movement styles and immersion levels. Twenty-two 
participants played a tennis and golf game using a standard Wiimote and a Wiimote 
with MotionPlus4 (WMP), grouped in pairs by experience level (beginners, Wii 
experienced, WMP experienced). Participants were also categorised by their 
motivation to either achieve or relax during play (Pasch et al., 2009). Immersion was 
found to be higher for both types of players in the conditions with higher interaction 
fidelity (Nijhar et al., 2012). Players who were motivated to relax used a more 
realistic play style overall, while achievement focused players only used realistic 
motions when this was required in order to perform better in the WMP conditions. 
Similar work has been carried out by Bianchi-Berthouze and colleagues, who 
established a link between the amount of body movement required by the control 
interface and outcome measures such as enjoyment, engagement and immersion 
(Bianchi-Berthouze, 2013; Bianchi-Berthouze et al., 2007; Lindley, Le Couteur, & 
                                               
 
3 IMU stands for Inertial Measurement Unit, the generic name for an electronic device using sensors 
such as accelerometers and gyroscopes to track movement. 
4 The Wii MotionPlus peripheral was launched by Nintendo in 2009 to add additional sensor accuracy 
to the Wiimote. It includes a combination of gyroscopes to better track subtle movements that were 
later incorporated into an upgraded Wiimote. 
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Berthouze, 2008; Pasch et al., 2009). With studies across motion, guitar and drum 
controllers, higher levels of body movement were consistently associated with higher 
levels of engagement. Other researchers have also assessed the level of body 
movement encouraged across a range of games, with mixed results possibly due to 
the use of different commercial games across conditions (J. Downs et al., 2014; 
Isbister et al., 2011). Bianchi-Berthouze also collaborated with Mueller to explore 
how exertion games are evaluated by reviewing their own earlier work (Mueller & 
Bianchi-Berthouze, 2010). The review suggests a range of physiological and 
observational measures that can be used in combination with subjective responses to 
clarify the relationship between body movement and engagement for different types 
of games. Mueller, Gibbs and Vetere (2008) developed a taxonomy for NMCIs with 
dimensions specified along issues relating to exertion and social elements. The 
division between exertion and non-exertion games is the first branch in their 
taxonomic tree, focusing other distinctions around social behaviours encouraged by 
the game content. Specifically, the other definitive derivations are whether the game 
is competitive (has an opponent), is parallel or not (participants work with you or 
against you) and is focused on direct combat or competition through an object. 
Therefore, these taxonomic units can be useful for comparing different types of 
social physical games, but provide limited definition for different NMCIs. 
Explorative research has also been conducted into the difference between 
traditional and motion-control impacts on brain activity (Nacke, 2010). Thirty-six 
participants played Resident Evil 4 (Capcom Production, 2005) with both a gamepad 
on PS2 and point-and-shoot controls on Wii with electroencephalography (EEG) data 
captured along with some subjective player experience measures. While no 
differences were found through IJsselsteijn et al.’s (2007) short-form GEQ survey, 
the Wii controls produced higher perceived self-location, in line with general 
expectations for NMCI impacts on presence (Nacke, 2010). Nacke acknowledges 
that the EEG analysis is explorative and results are not entirely clear, but found that 
overall, the Wii controls produced higher Delta levels, associated with sleepiness, 
which he suggests could be related to fatigue or a reduced threat of death in the game 
facilitated by pointer controls that were easier to aim. A mix of biometric data and 
physiological controls that could also be classed as naturally mapped have been 
tested as control interfaces in a custom-developed 2D platforming shooter (Nacke et 
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al., 2011). Direct physiological controls were rated as more fun and novel, were 
preferred to traditional controls and were perceived as most effective when the 
mapping was regarded as natural or intuitive, such as breathing on a temperature 
sensor to thaw snow or flexing leg muscles to make the character run faster. Purvis 
(2009) conducted a pilot study assessing whether the extra movement required by 
Wii controls could cause fatigue, although acknowledges the difficulty of quantifying 
this in a limited sample pool given the variation in movement styles between 
hardcore and casual players. Tobias (2010) also explores this additional ‘cost of 
input’ in motion gameplay, and calls for more meaningful or metaphorical mappings 
in gestural control schemes. 
2.3.4 The Influence of Naturally Mapped Control Interface Types 
Skalski et al. (2011) developed the first typology of NMCIs for video games, 
consisting of four categories of natural mapping (from low to high): directional, 
kinesic, incomplete tangible and realistic tangible. Directional natural mapping takes 
place when there is a ‘correspondence’ in direction between physical control inputs 
and virtual control actions, such as when a control stick makes a character move 
forward when pushed up or turn left when pushed left. Kinesic natural mapping 
occurs when natural body movements are captured and translated into equivalent 
actions in the game space without a tangible component, as is the case with control 
of your avatar in Kinect games (e.g. making a kicking motion in the real world in 
order to kick a ball in the virtual world). Incomplete tangible natural mapping is 
when the player is provided with a physical object to manipulate that ‘partially 
simulates’ the feel of the equivalent virtual object, such as using the Wiimote as a 
racket in a tennis game. Realistic tangible natural mapping occurs when the tangible 
object both looks and feels the way the corresponding virtual object would in real 
life, such as using a spring-loaded, leather-bound steering wheel controller in a 
racing game. In this way, Skalski et al. place (and arguably conflate) several factors 
identified as relevant to NMCI research in one natural mapping continuum: 
directional correspondence (natural mapping), interactivity or body movement, 
realism or prop fidelity and interaction fidelity. Importantly, both traditional (even 
obsolete) and next-generation control interfaces are not excluded, as the identified 
types sit along a continuum from arbitrary to completely natural mapping. 
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Skalski et al. (2011) admit their NMCI typology only starts to explain the 
variables relevant to control mapping in games, and proposes it as a starting point for 
future research. They also highlight that types can overlap in a single control 
interface, since the typology is applied to a specific control interface mapping, which 
might vary across or even within games. Their hypothesis was that control interfaces 
with higher levels of natural mapping sit at the top of the perceived controller 
naturalness scale, providing a greater sense of spatial presence, and in turn predicting 
video game enjoyment. Their resulting research, testing control interfaces for both a 
racing and a golf game reflecting certain NMCI types, found a connection between 
NMCI type and perceived naturalness, which in turn predicted presence. Presence 
weakly predicted enjoyment, yet only in the racing game, while perceived 
naturalness emerged as a predictor of enjoyment in both studies. Skalski et al. call for 
further research into how natural mapping is affected by player characteristics and 
game genre, and question whether literal natural mapping makes games more fun or 
if segments of the player population even desire it. 
While limited research explicitly uses Skalski et al.’s NMCI typology for 
categorisation and analysis (Cairns et al., 2014; Rogers et al., 2015; Shafer et al., 
2014), many researchers have continued to examine the relationship between NMCIs 
and measures such as perceived naturalness, presence and enjoyment. McGloin et al. 
(2013, 2015, 2011) studied the impacts of controller naturalness or realism levels in 
tennis, boxing and shooting games, using a modified version of Skalski et al.’s 
(2011) perceived controller naturalness measure. While a difference was not found 
between controllers for the boxing game, which used a Wiimote/Nunchuk with or 
without a boxing glove shell, perceived naturalness was found to predict the 
perceived realism of graphics and sound and presence/immersion across all studies 
(McGloin et al., 2013, 2015, 2011). The tennis game study (testing Wiimote versus 
PS3 gamepad in Top Spin 3 (PAM Development, 2008)) also found that both 
controller naturalness and presence predicted enjoyment (it was not measured in the 
other studies), offering further support for Skalski et al.’s hypotheses (McGloin et al., 
2011). Including a perceived realism of graphics and sound measure extends the 
hypothesised impacts of NMCIs, and is strongly reinforced in McGloin et al.’s tennis 
study, where these dimensions were reported to be more realistic in the Wii (more 
natural) condition, despite being tested against a more powerful PS3 version of the 
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game. In a study testing the game’s sequel on PS3 (Top Spin 4 (2K Czech, 2011)), 
manipulating both control type (Move or gamepad) and display type (2D or 3D), Lee 
& Chung (2013) found that the motion-control condition produced higher spatial 
involvement and  higher (dynamic and realistic) immersion than the gamepad. 
In line with Skalski et al.’s (2011) work, a number of racing game studies have 
measured perceived controller naturalness and found that steering wheel controllers 
were rated as more natural than traditional gamepad controllers (Abeele et al., 2013; 
Herrewijn & Poels, 2013; Schmierbach et al., 2012). In Abeele et al.’s (2013) work, 
which involved 78 participants playing Mario Kart Wii (Nintendo EAD, 2008), this 
effect was qualified by gender, showing that females reported less of a difference 
between control interfaces. While spatial presence was higher with the Wii Wheel 
across participants, gender qualified results for a number of other measures, with 
females reporting higher social presence both overall and with the wheel and males 
performing better overall and with the gamepad, and in turn reporting higher 
competence and sense of control. In Herrewijn & Poels’ (2013) study with a similar 
racing game (LittleBigPlanet Karting (United Front Games, 2012)), gender effects 
were not found, yet participants again performed significantly better with traditional 
controls and perceived ‘controllability’ reflected this outcome. In path modelling 
used in Schmierbach et al.’s (2012) racing game study, perceived naturalness 
predicted presence and involvement measures such as challenge‒skill balance and 
Transportation, which in turn predicted enjoyment. Although presence positively 
predicted enjoyment, contrary to Skalski et al.’s (2011) racing game study, the direct 
relationship between presence and enjoyment did not reach significance. 
Only a few studies have attempted to compare interfaces falling into the kinesic 
NMCI type with other NMCI types (Birk & Mandryk, 2013; Martin & Wiemeyer, 
2012; Shafer et al., 2014), the continuum placement of which was theorised, yet 
never empirically tested, by Skalski et al. (2011). Building on their earlier work that 
categorised control interfaces by the ‘level of interactivity’ (Shafer et al., 2011), 
Shafer et al. (2014) conducted a range of studies comparing Kinect (kinesic natural 
mapping) with other tangible natural controllers using Skalski et al.’s (2011) NMCI 
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typology. Across boxing (Kinect versus Move), lightsaber5 fighting (Kinect with and 
without a lightsaber hilt) and table tennis (Move versus Kinect with and without a 
paddle) games, perceived interactivity consistently predicted spatial presence for the 
kinesic NMCI type. The same relationship was not found for the tangible NMCI 
types tested, with the exception of the Move condition in the table tennis game, 
where the kinesic type still showed a stronger relationship. This might be expected in 
the boxing game, where the kinesic condition is arguably more naturally mapped 
(since there is no tangible object to hold while boxing), yet is surprising for the other 
game conditions. Initially, this appears to challenge the placement of the kinesic 
condition below the tangible NMCI types on the natural mapping continuum, but 
some other results and experiment design factors might limit this conclusion. In 
terms of other results, spatial presence strongly predicted enjoyment across the 
studies and controller conditions, supporting Skalski et al.’s (2011) original 
hypothesis. These results were strongest with the tangible conditions in two of three 
studies, with the remaining result for a game that was not designed for tangible 
interaction (in the Kinect Star Wars (Terminal Reality, 2012) study, participants held 
a lightsaber hilt, yet this was not tracked by the Kinect sensor) (Shafer et al., 2014). 
For the other two studies, control interface conditions spread across both games and 
gaming platforms, raising the concern that results might reflect differences other than 
the control interface types tested. These two limitations (comparing across games or 
within a game not designed for tangible control) could also explain why no 
differences were found through ANOVA tests. Perceived controller naturalness and 
performance were also not measured, yet the perceived interactivity and perceived 
realism measures did offer meaningful distinctions for the way participants achieve 
presence and enjoyment depending on whether a tangible object is held during play. 
In another study that tested Kinect and the Move across games, Martin & 
Wiemeyer (2012) found that the Move produced higher flow and self-location 
(presence) in a pilot study of volleyball video games with eight participants. 
Mizobata et al. (2014) also tested across games (Virtua Tennis 4 (Sega, 2011), Forza 
Motorsport 4 (Turn 10 Studios, 2011) and London 2012 (Sega Studios Australia, 
2012)), yet used only the Kinect for all game conditions, with 16 participants 
                                               
 
5 A lightsaber is a sword made of light, the weapon of choice for Jedis in the fictional Star Wars 
universe; essentially making this video game a motion sword-fighting game. 
 Chapter 2 Literature Review 53 
grouped by their motivations to succeed and move, as well as by gaming expertise 
(gamer or non-gamer). Results show that this approach to player typing can reveal 
significant differences in player experience outcomes across motion games, even 
when testing within a single interface type. For example, gamers scored higher 
fatigue, immersion, competence and positive affect in Virtua Tennis 4, yet only 
higher tension in Forza Motorsport 4 and higher immersion in London 2012. 
To ease concerns raised about consistency across game conditions influencing 
results, some recent studies have developed custom game environments for 
experimental testing of the kinesic NMCI type (Andersen et al., 2014; Bampatzia, 
Antoniou, Lepouras, Roumelioti, & Bravou, 2015; Birk & Mandryk, 2013). Birk and 
Mandryk (2013) designed a shooter video game that could be controlled with Kinect, 
Move or gamepad, in one of the only NMCI studies to use Ryan et al.’s (2006) PENS 
survey. In their within-subjects design, 78 participants reported most player 
experience outcomes (including presence) as higher with Kinect compared with the 
gamepad (Birk & Mandryk, 2013). Perceived autonomy and positive affect were also 
higher with Kinect than with the Move, yet perceived competence and intuitive 
controls were higher with the Move than the other devices. Andersen et al. (2014) 
custom-designed an avatar-based obstacle course game controlled with either Kinect 
or a standard controller. Overall, Kinect performed better, was preferred and 
produced a more positive emotional response, as quantified by facial expression 
recognition techniques—however, it is possible that the game’s design favoured this 
interface type. Similarly, Bampatzia et al. (2015) designed a trivia game with control 
via Kinect or a mouse and found that valence and dominance were higher with 
Kinect, although users reported that the mouse condition as easier to use.  
Cairns et al. (2014) used a mix of custom-designed and commercial games in 
their study of immersion in mobile games, categorising control interfaces using 
Skalski et al.’s (2011) NMCI typology. The commercial game studied was a top-
down driving game with touch steering controls classified as directional natural 
mapping and tilt steering controls identified as incomplete tangible natural mapping 
(Cairns et al., 2014). While no differences were found between the performance 
levels of 15 participants using each control interface, overall, immersion was higher 
with the tilt controls. The custom-designed game studied was a Doodle Jump (Lima 
Sky, 2009) clone (a popular mobile platform game), where touch and tilt were 
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classified the same way as in the previous study, yet a third control interface using 
swiping motions to control the character’s direction was also categorised as 
incomplete tangible natural mapping. With 10 participants in each condition, higher 
perceived immersion was reported for the swipe condition compared with the touch 
condition, with no differences shown between tilt and the other interfaces. While the 
incomplete tangible mapping between the car’s virtual wheel and the phone as a 
wheel in the first study was clear, categorisations of mappings in the second study 
are debateable, and highlight potential challenges for applying the NMCI typology. 
For example, for tilt to be perceived as incomplete tangible, the box holding the 
whole game (i.e. the screen) world would need to be the object perceived as being 
naturally mapped. Likewise, for swipe, the player would need to think they were 
swiping the main character, who would have to move in a responsive way. Both of 
these interfaces could also easily be classed as directional or kinesic natural mapping, 
since the character is just responding to the direction of the control input, which 
happens to be input through gestures. Either way, user perceptions were not sampled 
by any perceived naturalness measure, but results still generally support the ordering 
of the NMCI typology in terms of impacts on presence. While other work also 
considers the influence of controls in mobile gaming (Baldauf, Fröhlich, Adegeye, & 
Suette, 2015; Zaman et al., 2010), the player experience impacts of touch interfaces 
compared with other types of NMCIs remains largely unexplored. 
Some research has challenged existing findings and assumptions about the 
positive impact of motion controls on the player experience (Bowman & Boyan, 
2008; Limperos et al., 2011; Rogers et al., 2015; Tamborini et al., 2010). One study 
compared a traditional GameCube controller with a Wiimote/Nunchuk in Call of 
Duty games (Bowman & Boyan, 2008; Rogers et al., 2015) and found no differences 
for presence and only the frustration subcomponent of flow as higher for the Wii. 
Performance (measured by objectives completed minus ‘deaths’) was higher with the 
GameCube condition, and flow correlated with performance, presence and 
enjoyment across devices, with path analyses showing that the traditional controller 
also better predicted liking of the game. In more recent analysis for this study, 
Rogers et al. (2015) acknowledge that only certain mechanics (such as aiming) were 
more naturally mapped on Wii as incomplete tangible mapping, with movement still 
directionally naturally mapped. The authors suggest this mixed mapping could have 
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confused players, hindering the player experience, or that the results might be due to 
different platforms, games and game levels being tested rather than the control 
interface. Nevertheless, they conclude that traditional controllers can be more 
naturally mapped than motion controllers for certain game contexts.  
Tamborini et al. (2010) encountered a slightly different issue in their study 
using a bowling game across consoles, with the perceived naturalness of controls 
measure surprisingly showing more positive results for their tested PS2 controller 
than their condition with a Wiimote in a bowling ball shell. As such, their subsequent 
model of controller naturalness leading to higher satisfaction of intrinsic needs, and 
in turn overall enjoyment, was based on higher perceived naturalness with the 
supposedly less natural control interface. 
Limperos et al. (2011) used a between-groups design with undergraduate 
university students, assigning 139 participants to play half a round of Madden NFL 
08 (EA Tiburon, 2007) on either PS2 with a gamepad or a Wii using motion controls. 
Contrary to expectations, Limperos et al. found that players assigned to the PS2 
condition had significantly more fun and felt more in control. They also found 
significant differences according to gender, with males reporting greater feelings of 
enjoyment, control and optimal challenge. The authors acknowledge that their 
findings could have been influenced by the two versions of the game differing in 
ways other than the control method. Moreover, the way the control scheme was 
mapped to either controller was not assessed in terms of the naturalness of mapping 
of game mechanics from physical control inputs to virtual control actions. The 
controller could thus have simply offered a more considered or even more natural 
mapping. Finally, whether participants had played the game before and on which 
console was recorded (which showed no influence over results), but not their degree 
of experience with the game, their level of familiarity with each control interface 
type or their age. While these studies succeed in making the argument that more 
body motion does not necessarily lead to more positive player experience outcomes, 
experiment design limitations might weaken the argument about incorrect 
assumptions regarding NMCI impacts on the player experience (Bowman & Boyan, 
2008; Limperos et al., 2011; Rogers et al., 2015; Tamborini et al., 2010). 
One final area of NMCI research that has been the focus of various studies is 
the relationship between naturally mapped controls and hostility or aggression 
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(Barlett et al., 2007; Kim et al., 2011; Markey & Scherer, 2009; McGloin et al., 
2013, 2015; Williams, 2013). In McGloin et al.’s (2013) boxing game study, 
perceived naturalness of controls and perceived realism of graphics and sound 
predicted immersion, which in turn was found to predict cognitive aggression. In 
Williams’ (2013) boxing game study, both arousal (heart rate and systolic blood 
pressure) and physical hostility were found to be higher when participants used 
motion controls compared with traditional controls (yet the increased arousal might 
be due to additional body movement and the mean hostility levels reported were low 
for both conditions). McGloin et al.’s (2015) shooter study, which looked at Time 
Crisis 4 (Nex Entertainment, 2007) on PS3, found the control interface type 
predicted cognitive aggression, with higher levels shown using the Move in a gun 
shell than a standard controller. Similar results were found in an earlier study on 
Time Crisis 3 (Nextech, 2003) on PS2, where arousal (heart rate), state aggression 
and state hostility were all found to be higher when using a light gun to play 
compared with both the baseline and play with a standard controller (Barlett et al., 
2007). These results are argued to point to the existence of a ‘weapons effect’ in 
video games, where simply seeing or being in the presence of a gun might lead to 
more aggressive states (Barlett et al., 2007; McGloin et al., 2015). However, Kim et 
al. (2011) argue that similar results from their study were due to an increase in 
sensory-motor realism rather than a legitimate ‘weapons effect’. Contrasting all of 
these results, Markey & Scherer (2009) found that the control interface type (motion 
or traditional) did not influence aggressive cognitions or state hostility differences 
found between violent (Manhunt 2 (Rockstar Toronto, 2007)) and non-violent (Tiger 
Woods PGA Tour 08 (EA Tiburon, 2007)) games. Rather, the psychological trait of 
psychoticism explained these differences, with participants determined to have high 
psychoticism showing increased aggression and hostility after violent gameplay 
compared with both those low in psychoticism and those who played the non-violent 
game. Barlett et al. (2007) also list several limitations applicable to this research area 
that might influence aggressive response, such as failing to measure game 
performance or previous exposure to the game or relevant weapons. As such, while 
research generally shows that more naturally mapped controls might lead to more 
aggressive outcomes from violent video game play, there might be other 
physiological, psychological or personal factors that moderate or eliminate this effect 
entirely. For example, some studies chose to recruit only males, since the effect of 
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violent content on aggressive outcomes can be reduced in females (Kim et al., 2011; 
Williams, 2013).  
2.3.5 NMCI Research Summary 
Overall, the existing NMCI literature suggests that more naturally mapped 
controls generally produce a more positive player experience. However, some 
inconsistencies have emerged across player experience measures, especially for 
performance-related measures, which tend to favour traditional control interfaces in 
commercial games that offer multiple control options. Further variations in findings 
emerge when comparing NMCIs with higher levels of natural mapping, some of 
which might be biased by experiment design factors. For instance, prior to release of 
the NMCI typology, researchers were generally grouping all movement-based 
naturally mapped controls together. Where researchers examined differences 
between NMCI types with higher natural mapping, these were usually assessed in a 
certain hypothesised direction, and only with the strict variables of interest. Without 
careful classification of the interface mapping and control of confounding factors, it 
is difficult to tell whether an experiment was testing the real differences between 
control interface types, differences between the video games used as stimulus 
material, device suitability for the game or even the disparity in how well the 
interface mapping has been designed and implemented. Some of these issues can be 
addressed by custom-developing stimulus materials for study—however, this also 
carries an additional development burden, might still favour a certain control 
interface and can limit the work’s ecological validity and broader generalisability.  
There are also few studies that assess more than two NMCI types at once, 
especially within the same game, and even fewer that analyse the player experience 
with a broad set of outcome variables. Both the need satisfaction components of the 
player experience and intuitive interaction remain largely unexplored in the context 
of NMCI impacts. Furthermore, player characteristics such as demographic attributes 
and previous gaming experience tend to show a strong influence in this area, yet are 
often either not measured or simply stated as attributes of the participant sample 
without any analysis of how they might moderate outcomes. The approach to 
measuring and analysing previous gaming experience and other player characteristics 
is also highly diverse, and some research features further design constraints, such as 
sample size and homogeneity, limiting the generalisability of related findings. That is 
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not to say that the existing research should be disregarded; it remains important 
exploratory work, not only in terms of building understanding in a new field of 
knowledge, but also for reappropriating or establishing research practices. Recent 
work has made substantial progress in establishing theory for video game NMCIs as 
well as exploring their impacts (Abeele et al., 2013; Birk & Mandryk, 2013; Freeman 
et al., 2012; Shafer et al., 2014; Skalski et al., 2011). Rather, these considerations 
should be taken into account in both reviewing the current pool of knowledge and 
applying existing understanding to new research design. 
Research on NMCIs for video games is diverse and growing, and clearly there 
is sustained academic interest in defining not only how emerging NMCIs differ from 
traditional controls, but also how to measure this and what it means for the player 
experience and design. The existing body of work has helped to establish some 
understanding of control device appeal, performance and player experience impacts, 
with particular constructs such as presence producing fairly consistent results across 
studies. Skalski et al. (2011) arguably articulated the dimensions of study most in 
need of exploration by providing an initial typology of NMCIs and highlighting areas 
requiring further work. Subsequent studies applying the typology largely support 
their initial hypotheses, but also raise questions about the impacts of certain NMCI 
types and how to accurately classify them. Namely, differences between 
classification criteria of the incomplete and realistic tangible naturally mapped types, 
and their influence on the player experience, remain inconsistent or unclear. 
Furthermore, the position of the kinesic NMCI type on the continuum was only 
hypothesized by Skalski et al., and relevant work also fails to build consensus on its 
position, classification and impacts. The work of Birk and Mandryk (2013), Freeman 
et al. (2012) and Shafer et al. (2014) comes closest to answering some of these 
questions, yet the first two studies used custom-developed games for stimulus, and 
Shafer et al. tested across games in two of three studies, and only tested two 
interfaces in each. Freeman et al.’s and Shafer et al.’s studies also have limitations in 
terms of their participant sample (Freeman et al. tested 18 participants and Shafer et 
al.’s participants had a mean age of 21 with low variation) and player experience 
outcome measurement (Freeman et al. tested only for performance and preferences; 
Shafer et al. focused on perceived measures of presence, enjoyment and 
interactivity). Birk and Mandryk sampled PANAS, PENS and IMI and have few 
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limitations, although player characteristic measurement relied solely on personality 
typing, performance was not measured and further validation of this work is still 
required. In short, key questions raised by Skalski et al. (2011) about the influence of 
the NMCI types on a broad view of the player experience remain unexplored. 
2.4 LITERATURE REVIEW SUMMARY AND IMPLICATIONS 
This literature review has helped situate NMCI research among existing work 
across multiple fields. Research seeking to define player characteristics started using 
internally developed measures to categorise the types of gamers based on in-game 
behaviour or archetypical constructs. The field has since progressed, with researchers 
more commonly sampling player characteristics such as age, gender and various 
types of previous gaming experience. This provides ways to break down the player 
population and examine constructs more clearly by removing or explaining 
confounding variables that have been shown to have an influence. There is a lack of 
consistency around approach to measuring these constructs, however, thus limiting 
overall understanding and generalisability. Measures from other fields, such as TF 
(Blackler et al., 2010), could provide a conceptually consistent approach to sampling 
relevant previous experiences in a more targeted way. 
Universally derived player motivation models offer a good way to break down 
and measure the player experience across gaming contexts. A number of models and 
frameworks have been adopted or appropriated for use in games research, each 
receiving some level of validation. The PENS is one such model based on intrinsic 
motivation to satisfy psychological needs, such as competence and autonomy, that 
also covers constructs relevant to games such as presence and intuitive controls 
(Ryan et al., 2006). Other popular models support the measurement of additional 
player experience constructs, such as flow, that might also be important for defining 
the influence of NMCIs (IJsselsteijn et al., 2007; Jackson et al., 2008). Factors such 
as perceived naturalness and enjoyment or preferences are also often sampled in 
NMCI research to reveal subjective responses to natural mapping and test standing 
hypotheses on the effects of NMCIs. Player experience measurement needs to cover 
a number of key constructs, then, given the broad multi-component view of it that 
has emerged and is building consensus in this young field of research. 
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Intuitive interaction research established the definition of intuitive use as when 
people draw on subconscious experiential knowledge for quick and effective 
interaction with products and interfaces. Researchers have presented a continuum of 
knowledge for intuitive interaction, which, along with subsequent work, offers 
insight into how to design for and measure intuitive use (Blackler & Hurtienne, 
2007; Blackler & Popovic, 2015). Since intuition is dependent upon experiential 
knowledge, a TF measure has also emerged to capture relevant exposure that has 
been shown to predict intuitive use across a range of domains, although it has not yet 
been adapted for the games research domain. In fact, research on intuitive interaction 
for video games is extremely limited, despite researchers and industry practitioners 
alike frequently using the term, especially in relation to NMCIs. Intuitive use might 
also include an affective component, making player experience measurement a 
promising counterpart to further understanding in the field. 
While intuitive interaction research on TEIs is quite recent, the HCI field has 
been examining these interfaces for some time. As such, several frameworks have 
emerged in this space that can be reappropriated to support analysis and 
interpretation of different NMCIs for video games and the mapping between physical 
and virtual controls. Research studying control interfaces for games has progressed 
substantially in a relatively short time, shifting from general performance and 
preference measurement to examine broader player experience impacts. NMCIs with 
higher levels of natural mapping have generally been found to positively influence 
the player experience, especially in regards to variables reflecting involvement such 
as presence and enjoyment. These interfaces are also generally associated with 
reduced performance outcomes, while some broader player experience results are 
inconsistent. A typology for NMCIs has emerged that has received some initial 
validation, although more work is needed to validate the attributes of its four types 
and their influence on the player experience (Skalski et al., 2011). NMCI studies, as 
with the broader field of games research, lack some consistency in their measurement 
and testing of player characteristics that could influence response. There are 
additional issues with research design in some existing NMCI work, with the 
independent variables sometimes tested across gaming environments, with limited 
samples or a narrow view of the player experience. 
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In all, the existing body of research, while relatively young, offers a great deal 
of foundational theory, measurement protocol and results relevant to exploring the 
influence of NMCIs for video games on the player experience and intuitive 
interaction. Nevertheless, there are several key gaps that emerge from the literature 
that suggest the need for further research. First, the typology of NMCIs presented by 
Skalski et al. (2011) requires additional validation, since some attributes of the four 
NMCI types and their influence on a broad view of the player experience remains 
unclear. Next, the influence of different types of NMCIs on intuitive interaction with 
video games is arguably untested. This gap is accentuated by frequent yet 
unsupported claims that more naturally mapped control interface types are more 
‘intuitive’. Intuitive interaction research also has limited exploration of NUIs and 
systems with more affect-related goals, and the relationship between ‘intuitive 
controls’ and the player experience is also unclear. Finally, the way that player 
characteristics shape the player experience and intuitive interaction responses to 
different NMCI types is largely unexplored. While some NMCI studies describe the 
characteristics of their participant sample, few test for differences based on these 
characteristics, and fewer still use them to test across a broad range of relevant 
variables. More work is needed to reveal and synthesise knowledge in these areas to 
help academia and industry alike understand the influences of different types of 
NMCIs for video games. 
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Chapter 3 Research Design 
This chapter outlines the research design and methodology chosen to address 
the aims and objectives that Chapter 1 introduced. Section 3.1 presents the precise 
research questions and outlines the scope and limitations of the work. Section 3.2 
presents the research design and methodology, outlining the general approach to 
study design and participant recruitment. Section 3.3 details the rationale for the 
selection of the stimulus materials used as well as the categorisation of the NMCIs 
tested. Section 3.4 presents the measures and instruments utilised across the research 
programme, including justification for selection and use of both the established 
scales and the design or adaptation of new instruments to address the research 
questions. Finally, section 3.5 summarises the chapter. 
3.1 RESEARCH QUESTIONS AND SCOPE 
3.1.1 Research Questions 
In light of the gaps identified in the existing work presented in section 2.4 and 
the research problem and aims outlined in Chapter 1, the current research programme 
proposes the following research questions: 
RQ1. How does the use of different NMCI types affect the player 
experience of video games? 
RQ2. How does the use of different NMCI types affect intuitive interaction 
with video games? 
RQ3. How do these effects vary according to player characteristics? 
3.1.2 Research Scope and Limitations 
The research programme has been scoped to specifically examine the influence 
of existing NMCI types on a set of player experience constructs and intuitive 
interaction measures while considering player characteristic variables. As explained 
in subsequent sections, the precise set of variables in each of these areas was chosen 
to better address the research questions through strict experimental design (outlined 
in section 3.2.1). This approach excluded exploration of some broader contexts, 
however, which will be discussed here. 
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First, single-player video games were chosen as stimuli in order to focus on the 
key independent variables (NMCIs and player characteristics) and limit further 
confounding variability. The influence of social gaming factors was excluded, as it 
was determined that a base understanding of NMCI types and their influence needed 
to be established first. In terms of platform selection, video game consoles generally 
used in a ‘living room’ setting were chosen. This decision was based on the 
availability of controllers that clearly fit the existing NMCI types on these platforms, 
allowing for manipulation of the NMCI type with ecologically valid commercial 
software releases. It also reflected the trend at the time (i.e. 2011), whereby console 
manufacturers offered increased support for NMCIs through both peripheral and 
software releases. However, this choice inherently excluded other popular platforms 
with varied NMCI usage, such as mobiles and PCs. While this presents some 
limitations in terms of this work’s generalisability across gaming platforms (or even 
for broader technologies), lessons from this research could still apply in these 
broader contexts. The decision to focus primarily on movement or gestural embodied 
naturally mapped interfaces that cleanly fit within the existing NMCI types was also 
made, rather than examine other types of natural interfaces, such as touch-based 
controls, as explored in prior research (Baldauf et al., 2015; Cairns et al., 2014; 
Zaman et al., 2010). This decision was made since full validation of the existing 
NMCI types, including empirical work on their influence on a broad view of the 
player experience or intuitive interaction, had not been previously undertaken. 
The above constraints also link to another required compromise in the research 
design: the focus on commercially released games as stimuli. As covered in the 
literature review, some NMCI research has used self-developed software to ensure a 
higher level of experimental control over test environments and/or to answer research 
questions using game genres outside those that normally support natural controls 
(e.g. Andersen et al., 2014; Bampatzia et al., 2015; Birk & Mandryk, 2013). The 
decision to use existing commercial games as stimulus materials was motivated both 
by the advantages of this approach and some of the disadvantages of research with 
self-developed games. The biggest factor influencing this choice was that 
development of custom game environments that are ecologically valid (i.e. similar 
enough to commercial video games in terms of graphics, gameplay, AI, etc.), and 
therefore generalisable to broader gaming contexts, requires both advanced 
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development skills and a substantial budget. Since the research questions call for 
analysis of existing NMCIs, and not a design research approach, using commercial 
game environments that already supported the desired set of control interface types 
improved ecological validity and the generalisability of relevant findings. It also had 
low budgetary requirements at a level suitable for the research programme. To 
compensate for the level of fine experimental control over game environments and 
control interface mappings potentially lost with this decision, a set of criteria was 
established to evaluate potential stimulus materials in a way that would limit 
confounding variables and increase experimental control (discussed in section 3.3).  
Finally, in comparing different control interface types, the main focus of the 
research is on the differences they revealed for player experience and intuitive 
interaction outcomes. Statements about why certain groups revealed different result 
patterns are made based on the way player characteristics (such as age, gender and 
familiarity) shaped those effects. The research is thus strengthened in some ways, but 
limited in others, by its experimental design, which is focused on quantitative 
analysis using primarily subjective self-report measures. Qualitative research to 
examine the subjective rationale for these impacts is important, but was determined 
as largely beyond the scope of this work. Similarly, research in natural gaming 
environments outside of the laboratory setting chosen for this research programme 
could also yield different or more nuanced results. Future research should address 
these questions, along with additional adjustments for the other identified research 
limitations (see section 6.4 for more detail). 
3.2 METHODOLOGY AND RESEARCH DESIGN 
3.2.1 Methodology 
Controlled repeated-measures experiments run in laboratory settings were 
chosen as the primary research method to explicate the influence of different control 
interfaces on player experience and intuitive interaction outcomes. This methodology 
was selected to support strict experimental control of influential variables, including 
the main independent variable manipulated in the context of specific gameplay 
settings: the NMCI type. Other methodologies, such as case study or ethnography, 
were considered inadequate in their ability to precisely control and sample the 
variables identified as relevant. 
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Table 3.1 outlines the primary and secondary variables of interest and their 
relationship to the research questions. The determinants for operationalisation of the 
NMCI type, and the details of the chosen stimulus materials, are relevant to all 
research questions and are discussed in section 3.3. The main dependent variables 
fall into categories representing outcomes for the player experience (answering RQ1, 
measures detailed in section 3.4.2) and intuitive interaction (answering RQ2, 
measures introduced in section 3.4.3). The majority of dependent variables were 
sampled using survey instruments, although a mixed methods approach was used 
overall, including observational coding of in-game behaviours and sampling of 
qualitative feedback using interview or questionnaire methods to capture preferences 
and cross-reference experiment conditions. A secondary set of independent variables, 
used as between-subject factors, are those representing player characteristics, 
addressing RQ3 (relevant measures detailed in section 3.4.1). The secondary 
independent variables were also sampled using questionnaires administered prior to 
exposure to the stimulus materials selected for each experimental setting. 
Table 3.1 
The Primary and Secondary Variables of Interest 
Variable Name/Category Variable Type RQ’s 
NMCI Type Primary Independent Variable All 
Player Experience Repeated-measures Dependent Variables RQ1 
Intuitive Interaction Repeated-measures Dependent Variables RQ2 
Player Characteristics Secondary Independent Variables (between-subject factors) RQ3 
 
The repeated-measures design was chosen to set reasonable recruitment goals 
while maintaining good cell sizes for statistical analyses across player characteristic 
groups. Strict experimental design and control (e.g. counterbalanced conditions, 
study scripts, consistent settings for stimulus materials, etc.) was also prioritised due 
to findings from the literature review, whereby the influence of NMCI types was 
difficult to isolate from potentially confounding factors (such as differences in the 
tested games across conditions or limited measurement of relevant previous gaming 
experiences). The measurement and analysis of player characteristics was partly 
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motivated by the need to control these factors. The precise procedure undertaken 
during the designed experimental studies is detailed in each study chapter (i.e. 
sections 4.1.1 and 5.1.1), while the scripts and laboratory checklists for Study One 
and Study Two can be found in Appendix A and Appendix B respectively. Overall, 
combining a mixed-methods approach and strict repeated-measures experimental 
design was seen as the best available methodology for addressing the research 
questions and the goal for tight control of independent variables and confounding 
factors. 
3.2.2 Research Stages 
 
Figure 3.1. Research stages. 
The overall research design can be expressed as a relatively linear series of 
distinct stages, as captured in Figure 3.1. The stages naturally flow from the literature 
review (Stage I) to research design (Stage II), leading to the implementation of Study 
One (Stage III, Chapter 4) and Study Two (Stage V, Chapter 5), which undergo 
independent analysis (Stages IV and VI) before the overall findings and implications 
(Stage VII) of the research programme are detailed (Chapter 6). 
 68 Chapter 3 Research Design 
3.2.3 Participants 
Following approval of the research programme as low risk by the Queensland 
University of Technology (QUT) Ethics Committee (see Appendix C), participants 
were recruited through a mix of online social networking, personal and professional 
networking (in person and via email) and announcements in undergraduate 
interaction design and computer games studies units. The chance to win a $100 gift 
card was offered as a recruitment incentive to the participants in each study. The 
lower age limit for recruitment was 17 years of age for both Study One and Study 
Two. No upper age limit was applied during recruitment, although some warnings 
were issued (due to the physical nature of the control interfaces), and scaffolding (or 
additional caution) was applied through the study procedure in line with ethical 
requirements.6 
For Study One, a recruitment goal of 60 participants was set with the aim of 
keeping cell sizes for analysis using three-level between-subject factors at 20 or 
higher. This goal was set in line with rules of thumb for cell sizes for repeated-
measures analysis, and to ensure the assumptions of these tests could be satisfied, 
although no formal statistical power analysis was undertaken given the uncertainty 
around expected effect sizes. The recruitment goal was achieved (with 64 
participants in total), although a lack of participant variation on some variables (e.g. 
age) undermined the original goal of keeping all between-subject factor cells at 20 or 
above for all dependent variables (e.g. the most even split possible on age meant that 
22 participants were classified in the youngest and middle Age groups, yet only 20 
participants were classified in the oldest group, which dropped to 17 for an intuitive 
use measure where some data required removal). In response to this outcome, and 
with additional goals to improve power for statistical analyses and verify the results 
of Study One, the recruitment goal for Study Two doubled to 120. The Study Two 
recruitment goal was also achieved, with 125 participants in total (although five were 
excluded from Study Two analysis, as detailed in section 5.3). 
The aim of using a mix of recruitment methods, including snowball sampling 
through social media, was to gather a heterogeneous sample relatively representative 
                                               
 
6 Refer to the recruitment materials for Study One and Study Two (in Appendix D and Appendix E 
respectively), as well as the study scripts for Study One and Study Two (in Appendix A and Appendix 
B respectively), for more information. 
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of the larger population in terms of age, gender and previous gaming experience. The 
final descriptive statistics for the participant samples can be found in the results 
introduction for each study (sections 4.3 and 5.3). Compared with similar studies in 
the field, which predominantly use undergraduate student samples, a high level of 
variation in age was achieved. The older participant sample was limited, however, 
resulting in mean ages lower than the equivalent statistics for all gamers (33) or for 
the general population (37) in Australia (Brand & Todhunter, 2015). Gender balance 
was not achieved with either sample, yet with over 30% of participants identifying as 
female in both studies, the groups were large enough for analysis of this player 
characteristic. Previous gaming experience levels were determined to be fairly 
representative of the general population, with the average hours of weekly video 
game play for participants in each study falling either side of the national average of 
10.3 hours per week (M = 7.61, SD = 10.5 for Study One and M = 11.8, SD = 16.2 
for Study Two). The level of variation for these measures was high, since the sample 
ranged from non-gamers through to hardcore gamers. 
3.3 STIMULUS SELECTION AND CATEGORISATION 
In order to accurately address the research questions, precise operationalisation 
of the main independent variable—the NMCI type—was required. To evaluate 
potential NMCI candidate sets, however, the game software that supported the use of 
these control interfaces also needed to be assessed. This is because the control 
interface mapping, which determines the NMCI type, is set not only by the properties 
of the physical control interface, but also by the manner in which these inputs are 
coupled with virtual control actions (Skalski et al., 2011). It was also important to 
carefully assess the video games that were candidates for stimulus material and the 
way they supported control interface mapping, since the literature review found that 
control and analysis of these properties was lacking, which confounded or limited 
conclusions drawn about the impact of different NMCI types. For example, a number 
of studies lacked experimental control between game conditions, with settings and 
environments substantially differing between conditions in addition to the NMCI 
type (J. Downs et al., 2014; Limperos et al., 2011; Martin & Wiemeyer, 2012; 
Mizobata et al., 2014; Rogers et al., 2015; Shafer et al., 2011, 2014). This level of 
variation was deemed unacceptable for the current research programme, where 
isolation of the influence of the NMCI type was the most important consideration. 
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Furthermore, broad categorisation of NMCI types, as undertaken by the vast majority 
of existing research, is counter to addressing the current programme’s research 
questions and aims. Since this research aimed to apply and re-evaluate an established 
NMCI typology that had received some initial validation (specifically the typology 
proposed by Skalski et al. (2011)), accurate typification of the mapping between 
physical and virtual controls was essential. Additional clarity concerning NMCI 
properties and typification emerged from findings of the current research 
programme, which led to the development of a new and complimentary framework 
covering the dimensions of NMCIs that are relevant to their categorisation and 
potential effects (presented in section 6.3). 
The selection process for stimulus materials began with a review of existing 
video game software that supported a range of NMCIs. Games were classified by 
their platform/s, genre and the number of different NMCIs they supported. 
Additional assessment was undertaken to determine how each supported control 
interface could be categorised using the existing NMCI typology, whether there were 
any differences in the game features or between the modes/platforms that supported 
these types and if there were additional considerations, such as whether the game 
was initially designed to support the full set of NMCIs or if some of these were 
added post release. A short list of candidate games was determined based on the 
above assessment in accordance with the following seven criteria: 
1. There must be no discernible difference between the game conditions that 
support the distinct NMCI types, other than the NMCI used. 
2. The final games selected (across Study One and Study Two) cannot be in the 
same genre, in order to support greater generalisation of results. 
3. The game should have a positive critical review score average, with minimal 
differences between the supported game platforms if relevant, in order to 
minimise potentially confounding factors caused by game development or 
design issues. 
4. The games should not have been used in existing studies using a similar 
experimental approach, in order to maximise the contribution to knowledge. 
5. Categorisation of the NMCI type should be clear and congruent with the type 
descriptions in the existing NMCI typology. Cross-type NMCIs or unclear 
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NMCI types should be avoided where possible to accurately address the 
research questions. 
6. The game must support at least three distinct NMCI types so that coverage of 
the existing NMCI types can occur over two experiments, and so that some 
triangulation of results is possible across these studies. 
7. Finally, the game mode that supports the NMCIs must be practically 
applicable for the proposed experimental design. For example, the player 
experience needs to be assessable over a short play session, key variables 
such as performance need to be measurable and influential factors such as AI 
difficulty and in-game perspective need to be controllable in an experimental 
setting. 
Two video games emerged as ideal candidates that together satisfied the full 
selection criteria: Forza Motorsport 4 (Turn 10 Studios, 2011) for the 360 and Virtua 
Tennis 4 (Sega, 2011) for the 360 and PS3 platforms. Specifically, each game 
supports three distinct NMCI types in the same game mode with no additional 
discernible differences between these game conditions (satisfying criteria 1 and 6). 
The games are categorised under different genres (racing for Forza Motorsport 4 and 
sports for Virtua Tennis 4, satisfying criterion 2) and received positive and similar 
average review scores (Metacritic scores of 91/100 for Forza Motorsport 4 and 
70/100 and 69/100 for Virtua Tennis 4 on 360 and PS3 respectively, satisfying 
criterion 3) (CBS Interactive Inc., 2016a, 2016b, 2016c). From the review of the 
literature, only the Kinect control interface in both games had been studied in 
Mizobata et al.’s (2014) study, where their independent variables were set by a 
distinctly different study focus (satisfying criterion 4). Namely, Mizobata et al. 
examined how ‘motivation to move’ and ‘motivation to succeed’ impacted fatigue 
and various player experience outcomes across Kinect games with a small (N = 16) 
sample. Finally, satisfaction of criteria 5 and 7 will be discussed in detail according 
to the precise implementation of the stimulus material for each experimental 
manipulation below. 
3.3.1 Study One—NMCIs in a Racing Video Game 
For the racing game study using Forza Motorsport 4 (Turn 10 Studios, 2011) 
for Xbox 360, the track (Fuji New Down Hill) and car (Seat Leon Supercup) 
remained consistent for all study conditions. The track was chosen as it could not be 
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finished in the allotted play time (four minutes) and was linear (there was no 
repetition of the same lap), allowing for clear performance measurement and a 
decreased the learning effect between conditions. The car was chosen as it offered a 
good balance between a racecar and a regular car (high acceleration and top speed 
with reasonable handling). Participants were asked to avoid triggering inputs other 
than those associated with the main control actions (steering, accelerate and brake), 
such as changing the camera (set to behind the hood of the car) and using the 
handbrake, to avoid additional variations that could influence results. The core 
gameplay therefore remained consistent over the course of the race, and was assessed 
to support a player experience that could be sampled in a relatively short gameplay 
session (satisfying criterion 7). Section 4.1.1 explains the integration of the game in 
the experiment procedure (e.g. setup, instructions, etc.). 
The main independent variable was operationalised using three distinct control 
devices that had full native support (i.e. supported by the developers since software 
release) in the main game mode. Each control device was determined to clearly 
represent a distinct type from Skalski et al.’s (2011) typology of NMCIs (satisfying 
criterion 5), as shown in Figure 3.2 on the continuum of natural mapping (ordered 
from least to most naturally mapped). 
Categorisation of the NMCI type was thus determined by the level of natural 
mapping between the physical and virtual representations of the main control actions 
(also detailed in Figure 3.2) and the physical properties (the level of realism) of the 
control interface for the game context chosen. As discussed, the main control actions 
were identified as steering, accelerating and braking, though the level of natural 
mapping of the steering mechanic was prioritised when selecting the appropriate 
NMCI type, since it is the core mechanic requiring the greatest level of player 
interaction.7 The standard Xbox 360 controller (from this point referred to as 
‘Controller’) was classified as a directional NMCI, as only the direction of the 
player’s input is mapped for the main control action (i.e. pushing left on the control 
stick causes the car to turn left). The secondary control actions of accelerating and 
braking are arguably also directionally naturally mapped (pulling the analogue 
                                               
 
7 For example, it could be possible for a player to progress through the race ‘riding the railings’ by 
simply holding down the accelerate button and never braking, yet some level of precise steering 
manipulation is always required to for a successful performance that avoids crashing. 
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trigger in further results in a greater response), further supporting this categorisation 
of the NMCI type. 
 
Figure 3.2. Study One NMCI categorisation and details. 
The Wireless Speed Wheel for Xbox 360 (from this point referred to as 
‘SpeedWheel’) was classified as incomplete tangible natural mapping, since players 
manipulate the device like the real-life equivalent interface (i.e. turning the wheel to 
the right turns the car right), yet it does not realistically mimic the look or feel of a 
car steering wheel. The secondary control actions of acceleration and braking are still 
assigned to analogue triggers, which is arguably directionally naturally mapped, yet 
the larger size of these inputs is a closer approximation of their real-life equivalent 
controls. The Xbox 360 Wireless Racing Wheel (from this point referred to as 
‘RacingWheel’) was classified as realistic tangible natural mapping because it is not 
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only manipulated as if driving a real car, but also simulates the look and feel of the 
real-life equivalent interface. This categorisation is supported by the mapping 
between physical and virtual controls for all three of the main control actions, given 
the use of a realistic set of pedals for accelerating and braking. The RacingWheel 
was mounted to a table that, along with the pedals, was moved in front of the seated 
participant and adjusted if necessary to ensure comfortable access to the controls. 
The setting for the vibration and force feedback motors, which attempt to 
replicate the type of feedback gained through a steering wheel in real-life racing 
conditions, remained in the default state for all devices (as detailed in Figure 3.2). 
Although the final type of NMCIs identified in Skalski et al.’s (2011) typology 
(kinesic natural mapping) is also supported by the game’s inclusion of a Kinect 
control mode, this mode is separated from the main game mode and has limited 
support for control actions (only steering is supported). As a consequence, this 
NMCI was excluded from the study to ensure consistent experimental control across 
game conditions. In all, the stimulus materials and categorisation of NMCIs in Study 
One are argued to clearly support isolated manipulation of the independent variable 
in an ecologically valid and experimentally vigorous gameplay context. 
3.3.2 Study Two—NMCIs in a Tennis Video Game 
For the tennis game study using Virtua Tennis 4 (Sega, 2011) for 360 and PS3, 
the stadium (Melbourne, Australia), characters (Federer for the participant and 
Djokovic for the AI-controlled opponent), game rules (six games, one set) and AI 
difficulty (easy) remained consistent for all study conditions. The stadium was 
chosen for its moderate ball speed and high bounce to provide a good chance for 
novice players to compete. The characters were chosen during the study pilots, with 
Federer (the number two player in the world at the time) representing an all-round 
player and Djokovic a believable opponent (he was number one in the world) with 
excellent ball-retrieving skills. A female playable character for female participants 
was considered, yet was ultimately ruled out due to the additional confounds it added 
to performance (due to unclear AI programming) and perceptions of play. The game 
rules were chosen to provide a familiar game of tennis that would be impossible to 
complete within the allocated play time of six minutes. The difficulty settings were 
chosen as playtesting in study pilots indicated that the medium difficulty could be too 
challenging for novice players, and the easy setting still provided a suitable level of 
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challenge with the chosen characters across conditions. The game was also set up so 
that Federer always served for the first game to give participants control over 
initiating points when they were becoming accustomed to the controls. Participants 
were asked to avoid pressing any buttons during play, as only motions were required 
for all of the control actions. The core gameplay was assessed as consistent 
throughout the match, supporting a player experience that could be sampled in a 
relatively short play session (satisfying criterion 7). The integration of the game in 
the experiment procedure (e.g. setup, instructions, etc.) is explained in section 5.1.1. 
The main independent variable was operationalised using control interfaces 
with full native support for the ‘Motion Play’ game mode for each console. This 
provided two NMCIs, with the third offered through the availability of a tennis 
racket shell released with the game that could house the motion-control device on 
PS3. As with the NMCIs for Study One, these three interfaces were determined to 
each clearly represent a distinct type from Skalski et al.’s (2011) typology of NMCIs 
(satisfying criterion 5), as shown in Figure 3.3 on the continuum of natural mapping 
(from the least to most naturally mapped). 
The main control actions in the game are hitting the ball, moving the racket, 
serving, and moving on the court. Moving the racket (including positioning it in 
relation to the body) and hitting the ball are the core game mechanics that require the 
most frequent interactions. Serving the ball occurs only at the start of a game point 
when it is the player character’s turn to serve. Moving on the court is a limited and 
optional game mechanic, whereby players can approach the TV to ‘rush the net’ and 
back away from the TV to move back from the net. The virtual characters 
automatically move left and right on the court to retrieve the ball, so the player’s 
physical movements in these directions are not mapped, yet swinging the arm on the 
correct side of the body is required to hit the ball. 
The Kinect for Xbox 360 (from this point referred to as ‘Kinect’) was classified 
as a kinesic NMCI, since the player used only their body movements to input control 
actions without the use of a tangible controller (e.g. swinging their dominant hand 
across the front of their body to make Federer perform a backhand hit). Serving 
could be triggered by lifting either hand up (simulating throwing the ball) and then 
controlled by making a serving motion with the dominant hand. Although the speed 
and 3D position of the hand and arm (in relation to the body) are tracked by Kinect 
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and translated into the way the ball is struck, precise orientation and movements of 
the hand and wrist are not tracked. As such, this control interface has a lower level of 
fidelity in its capture of finer movements, further supporting its classification as a 
kinesic naturally mapped device with lower levels of natural mapping than the other 
interfaces tested. 
 
Figure 3.3. Study Two NMCI categorisation and details. 
The PlayStation Move (from this point referred to as ‘Move’) was classified as 
incomplete tangible natural mapping, since players manipulate the device like the 
real-life equivalent tool, but it does not realistically mimic the look or feel of a tennis 
racket. The physical control actions for the Move are roughly the same as for Kinect, 
except the Move interface only tracks movement of the player’s dominant hand 
holding the device; however, it does so by also sampling rotation and orientation data 
in addition to 3D positional data. This means players can move their virtual racket 
with almost a one-to-one level of mapping fidelity from the Move’s physical position 
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and orientation, theoretically allowing for a finer degree of control over the way the 
character strikes the ball. For example, players can rotate their hand up and over a 
forehand hit to add topspin to the ball. Of course, theoretical or embodied knowledge 
of this technique might be required in order to perform it well, so this added fidelity 
might only benefit experienced players to the extent that the game accurately maps 
these control inputs. Since only the dominant hand holding the Move can be tracked, 
this hand also needs to be raised to trigger the serving motion, which again can be 
further directed by making a serving motion along with the player animation. The 
Racket Shell Move (from this point referred to as ‘RSM’) was classified as realistic 
tangible natural mapping because it is not only manipulated like a tennis racket, but 
also mimics the look and feel of the equivalent real-life tool. Control actions are 
captured and tracked exactly the same as with the Move interface; the only difference 
is that the RSM more fully completes the player’s mental model of a tennis racket 
through its physical properties. 
Both consoles were set to the same resolution of visual output (720p) and 
displayed on the same TV, with graphical differences between the two consoles 
limited to minor interface elements.8 The instructions for resuming play were also 
slightly different between Kinect and the Move/RSM.9 There were no other 
discernible differences between the experiment conditions except for the NMCI 
itself, and since these minor differences were peripheral to or outside the gameplay, 
they were determined not to violate the first selection criterion above. The vibration 
motor in the Move controller remained in its default setting for the Move and RSM 
conditions. Specifically, this rumbled to indicate contact with the ball during a hit, 
and was categorised as congruent with the feedback benefits according to the 
definition of the tangible NMCI types. In all, the stimulus materials and 
categorisation of NMCIs in Study Two are also argued to clearly support isolated 
manipulation of the independent variable in an ecologically valid and experimentally 
vigorous gameplay context. Combined, the NMCIs tested across Study One and 
                                               
 
8 For example, a small Kinect setup icon could sometimes appear in the corner of the screen if the 
player held out their left hand at a certain angle for an extended period of time. There were no cases of 
participants doing this long enough to actually open the menu, but this might have been a momentary 
distraction for some. The only other discernible visual interface differences between the consoles were 
some minor differences for interface elements in the pause menu, which were visible before 
participants restarted play in each session. 
9 Kinect required manipulation of an on-screen cursor, whereas for Move/RSM, participants could 
simply press the start button located on the side of the device. 
 78 Chapter 3 Research Design 
Study Two cover all four of Skalski et al.’s (2011) NMCI types, supporting the 
research design in addressing the proposed research questions. 
3.4 MEASURES AND INSTRUMENTS 
All measures and instruments used in Study One and Study Two are outlined in 
Table 3.2, and discussed in more detail in the following sections.  
Table 3.2 
Measures and Instruments Summary 
Measure Category Variables and Instruments 
 Study One Study Two 
Player Characteristics 
(demographics/familiarity) 
Age and Gender;  
GTF questionnaire version 
1, including RaceLife 
Familiarity 
Age and Gender; 
MostHours and GTF 
questionnaire version 2, 
including TennisLife 
Familiarity 
Controller Naturalness Perceived naturalness of CAM 
Perceived naturalness of 
CAM 
Player Experience/ 
Need Satisfaction 
Flow (GEQ); Presence, 
Autonomy and 
Competence (PENS) 
Enjoyment/Satisfaction; 
Flow (SFSS); Presence, 
Autonomy and Competence 
(PENS) 
Intuitive Use 
Subjective: Intuitive 
Controls (PENS); 
Objective:  
Progress and Errors  
Subjective: Intuitive 
Controls (PENS); Objective:  
Successful Hit %  
Player Preferences for  
Control Interfaces 
Favourite NMCI identified 
in post-play interview 
Favourite NMCI identified 
in post-play survey 
 
The approach to analysis relied largely on GLM ANOVA procedures 
conducted using SPSS Statistics (IBM Corp., 2013). Multiple regression was 
considered and ruled out on the basis of insufficient sample size (Tabachnick & 
Fidell, 2013). Given multiple regression was not feasible, RM MANOVA was 
chosen as the appropriate method to assess whether independent groups differed on 
the multiple continuous outcome measures sampled across conditions. Additional 
detail on each study’s analysis approach is presented at the start of the relevant 
results sections (section 4.3 for Study One and section 5.3 for Study Two). 
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3.4.1 Player Characteristics 
Surveying for player characteristics has been widely adopted in games research 
due to support for relationships between such factors (e.g. age, gender, time spent 
gaming) and key outcome measures (Hoffman & Nadelson, 2010; Przybylski et al., 
2010; Wang et al., 2008; Yee, 2006). However, a lack of consistency around the 
approach to their measurement and reporting in previous games research has at times 
limited the generalisability of results or the potential to compare results across 
studies. In many cases, these measures might only be used as a way to describe the 
participant sample and qualify interpretation of results, rather than specifically 
testing for the significance of their impact (e.g. Cairns et al., 2014; J. Downs et al., 
2014; McMahan et al., 2010; Nacke et al., 2011). In the current research programme, 
testing for the influence of player characteristics was seen as important, as it can 
indicate skill level or preferences and has been shown to broadly influence the player 
experience with different controllers (Brown et al., 2010; McMahan et al., 2010; Sah 
et al., 2010; Skalski et al., 2011). Measuring familiarity with the same or similar 
interfaces has also proven useful for predicting intuitive interaction in broader 
research (Blackler & Popovic, 2015; Blackler et al., 2010; Mohan et al., 2015; 
Reddy, 2012). Several player characteristic measures were therefore captured during 
questionnaires administered at the start of the experiment session in both Study One 
and Study Two (refer to Appendix F and Appendix G respectively) to address RQ3. 
These included demographic items as well as various measures of familiarity and 
previous gaming experience. 
Demographics (Age & Gender) 
Age and Gender were sampled as player characteristic factors in both studies, 
where they were grouped as between-subject factors for analysis. In Study One, age 
was also counterbalanced across conditions, while both demographic factors served 
this purpose in Study Two. Although the effects of age and gender are inconsistently 
measured and analysed in games research, they have been shown to influence the 
player experience (Abeele et al., 2013; Hoffman & Nadelson, 2010; Lachlan & 
Krcmar, 2011; Skalski et al., 2011; Yee, 2006). Age has also been revealed as an 
important factor in intuitive interaction research (Blackler et al., 2012; Mihajlov et 
al., 2015; O’Brien, 2010; Reddy, 2012), further highlighting the need to consider it in 
the research design. 
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Previous Gaming Experience and Familiarity (GTF & RealLife Familiarity) 
Given the inconsistent sampling of previous gaming experience in existing 
games research, the best approach to operationalising this player characteristic in the 
current research programme was initially unclear. Some previous research measured 
the amount of hours or frequency participants played video games over a set period 
of time (Hoffman & Nadelson, 2010; Johnson et al., 2002; McGloin et al., 2011; 
Mizobata et al., 2014; Sah et al., 2010; Skalski et al., 2011). However, different 
research has measured the duration or frequency of play per session (Cairns et al., 
2014), per day (Sah et al., 2010; Skalski et al., 2011) and per week (E. P. Downs & 
Oliver, 2016; Hoffman & Nadelson, 2010; Jennett et al., 2008; McGloin et al., 2011). 
In other cases, participants were asked to self-select experience levels on Likert 
scales (Brokaw et al., 2007; Mizobata et al., 2014; Shafer et al., 2011) or from broad 
categories (Gerling et al., 2011; McMahan et al., 2010; Nacke, 2010; Pietschmann et 
al., 2012). There are also limited studies in NMCI research that have measured 
relevant real-life experiences (which could further influence responses to NMCIs by 
leveraging domain and embodied knowledge); however, even these varied in 
approach with some using knowledge tests (Limperos et al., 2011; McGloin et al., 
2011) and others varying in their approach to sampling self-rated previous 
experience levels (Brown et al., 2010; Kim et al., 2011; Pietschmann et al., 2012; 
Sah et al., 2010). Some research also reported capturing a general measure of 
‘familiarity’ (Herrewijn & Poels, 2013; McGloin et al., 2015), although Blackler 
(2006) proposes a more rigorous approach to measuring familiarity (as discussed in 
section 2.2). In this work, a TF score was calculated from the self-reported levels of 
both the frequency of use and the volume of features used in products identified as 
having similar interface elements to the studied device. It was shown that this score 
could predict the potential for intuitive use with the product in focus. In much the 
same way, players’ familiarity with similar control interfaces or equivalent real-life 
activities could be expected to inform not only their potential for intuitive use with 
the studied interface, but also broader aspects of their resulting player experience. As 
such, Blackler’s (2006) approach to TF measurement, further validated in later work 
(Blackler & Popovic, 2015; O’Brien, 2010; Reddy, 2012), was adapted for the 
current research programme as a measure that helped this work address both RQ2 
(how NMCIs influence intuitive interaction) and RQ3 (explaining how player 
characteristics influence the response to NMCIs). 
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In line with the original TF measure (Blackler, 2006), the items in the new 
GTF instrument sampled previous experiences with the actual control interfaces 
tested as well as similar control interfaces and interface features, resulting in a 
unique NMCI GTF Score for each NMCI type tested. The researcher conducted the 
GTF as a guided questionnaire, also in line with the original TF instrument. This 
ensured both consistent implementation across participants and comprehension of the 
qualified and specific nature of some of the game technology items, especially for 
non-gamers. However, given its relevance to NMCIs, previous experiences with the 
relevant real-life activities were also sampled using the GTF approach to create a 
‘RealLife Familiarity’ score for participants in each study: ‘RaceLife Familiarity’ in 
Study One and ‘TennisLife Familiarity’ in Study Two. In adapting the TF measure 
for application in the games research domain, several other changes were also 
introduced in the instrument design as well as its scoring and analysis protocol to 
make it better suited for use in this field. These included changes to make the 
instrument better reflect the variation in relevant previous experiences between 
participants and the introduction of formula to factor these variables together. In all, 
the goal was to maintain GTF validity for intuitive interaction work while also 
increasing its utility as a measure of relevant previous experiences for the games 
research domain. The GTF instrument was initially tested in Study One, with 
subsequent changes implemented to improve the instrument for Study Two. The 
precise design of the instrument and scoring procedure as implemented in each study 
are discussed in the relevant study chapters (section 4.2 for Study One and section 
5.2 for Study Two).  
Several other previous gaming experience measures were sampled in the 
current research programme, yet most have been excluded from further analysis, 
including exposure to relevant video games using the GTF approach. This exclusion 
is partly for scoping reasons, since the primary focus of this research is on the control 
interfaces and their influence, not the games themselves. However, NMCI GTF 
measures also emerged as highly correlated with some of these other measures of 
previous gaming experience in both Study One and Study Two. This makes sense, 
given that NMCIs are more likely to have been previously used by those most 
familiar with the tested games and/or game genres (e.g. highly experienced racing 
gamers are also the most likely to have used an arcade steering wheel). It therefore 
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made sense to consolidate previous gaming experience measures by mainly focusing 
on NMCI GTF, especially with its relevance to intuitive interaction, to reduce the 
number of statistical tests undertaken and lower the experiment-wide error rate. 
Traditional Previous Gaming Experience (MostHours) 
One additional player characteristic measure was also used as a between-
subject factor for analysis in Study Two: ‘MostHours’. This measure emerged from a 
question in the player characteristic survey that asked participants for the highest 
number of hours they have ever spent playing video games in a single week. This 
was included in Study Two analysis because there was a greater difference shown 
between the NMCI GTF scores and traditional previous gaming experience measures 
in Study Two than there was in Study One. For the most part, this difference can be 
explained by the motion-control interfaces used in Study Two, whereas Study One 
also included a traditional control interface (the Controller) and an older NMCI (the 
RacingWheel). With the sample almost doubled from Study One, Study Two also 
supported investigation of the influence of player characteristics using this additional 
variable. 
3.4.2 The Player Experience 
A range of survey measures was administered to participants in the laboratory, 
following play with each NMCI, to sample the player experience and address RQ1. 
Instruments were selected to ensure broad measurement of the player experience, 
focusing on components that emerged as important or frequently measured factors in 
the literature review. The sampled player experience components thus cover general 
enjoyment and preferences as well as Flow, Presence and need satisfaction constructs 
such as Autonomy and Competence. The majority of the instruments used to sample 
the player experience remain consistent across Study One and Study Two, enabling 
comparative analysis of the NMCI types tested. One exception is that Flow was 
measured with the GEQ in Study One and the SFSS in Study Two. Since Flow was 
considered an important player experience construct, which showed strong results in 
Study One, an instrument that had undergone and published its validation was 
preferred to verify the results were sound. Other GEQ constructs were also excluded 
from Study One analysis, as explained below, further supporting the instrument 
change. An additional change in the measures between Study One and Study Two is 
the inclusion of an Enjoyment/Satisfaction measure in Study Two. This addition was 
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made to reveal how NMCIs influenced this general measure and remove assumptions 
made in Study One about the overall affective impact experienced (partly due to the 
loss of GEQ constructs). That is, while the effect on Enjoyment could be assumed by 
the pattern of results for other player experience measures in Study One (such as 
Flow, Presence and preferences), it was explicitly sampled in Study Two to remove 
this assumption. The post-play survey instruments for Study One and Study Two can 
be found Appendix H and Appendix I respectively. 
Perceived Naturalness of CAM 
A new instrument was designed for this research programme that sought to 
measure participants’ perceptions of how natural the mapping was between physical 
and virtual controls for the main control actions in the tested games for each NMCI. 
As identified in section 3.3, these control actions were steering, accelerating and 
braking for the racing game in Study One and hitting the ball, moving the racket, 
serving and moving on the court in the tennis game in Study Two. The corresponding 
physical control inputs relating to each of these virtual control actions were 
highlighted for participants in the instructions given prior to play with each NMCI. 
After the play session with each control interface, participants were asked to rate the 
naturalness level of the main control actions for each device on a seven-point Likert 
scale between ‘1—not natural at all’ and ‘7—completely natural’. The ‘naturalness 
of control action mapping’ item scores were averaged to create an overall Perceived 
Naturalness of Control Action Mapping (CAM) score for the mapping of the main 
control actions for each NMCI. Sampling perceived controller naturalness is 
important in NMCI research, since it reveals whether the control interfaces differ 
significantly in terms of the perception of the characteristics that determined their 
NMCI type. 
This approach differs from the ‘Perceived Controller Naturalness’ measure 
presented by Skalski et al. (2011), which instead focused on more general 
perceptions of the level of realism and naturalness of the control interface as a whole. 
The component-based approach used in this research instead breaks this down by the 
control actions that were naturally mapped, forcing participants to recall and reflect 
on the mapping between physical and virtual controls in a more precise way. This 
reflects the approach to categorising the NMCI types used in this research (as 
discussed in section 3.3), which focused on how the interface was mapped in the 
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specific gameplay context tested and not just the controller’s physical properties. 
This approach has the benefit of revealing whether the mapping for particular control 
actions has a greater influence over a player’s overall perception of controller 
naturalness, although this question has not been addressed in this research 
programme due to scope. Instead, the averaged Perceived Naturalness of CAM score 
used for analysis is comparable to similar perceived controller naturalness measures 
in that it reflects the overall perceptions of naturalness for the control interface, yet is 
defined by the relevant mapped control actions that determine the NMCI type. 
Preferences and Enjoyment/Satisfaction 
As a measure representative of players’ final impressions of each control 
interface tested, and in turn the aspects of the resulting player experience most 
important to them, participants were asked to indicate their control interface 
preferences for playing the game. In Study One, this was captured in the final 
interview, while in Study Two, this question was on the final page of the online 
questionnaire. Since by that time in both experiments, participants had experienced 
playing the game with all three control interfaces, they were asked to rank them from 
their overall most to least favourite control interface for playing the tested game. 
While this choice was forced (i.e. device preference could not be ranked equally), an 
opportunity to provide qualitative feedback on the rationale for each of these choices 
was also afforded to participants in both Study One and Study Two. A customised 
measure of Enjoyment/Satisfaction was also designed explicitly for Study Two, as 
discussed at the start of this section. This measure asked participants to think about 
their time using the control interface and rate their agreement with three statements 
on a seven-point Likert scale ranging from ‘1—strongly disagree’ to ‘7—strongly 
agree’. The three statements used were ‘it was fun’, ‘it was enjoyable’ and ‘it was 
satisfying’. 
While some NMCI research measures enjoyment levels using existing scales 
(Birk & Mandryk, 2013; Gerling et al., 2011; Tamborini et al., 2010), more 
frequently, these impacts are either extrapolated from other constructs (such as 
presence or flow) or measured using custom-designed scales (S. Bateman et al., 
2011; Bowman & Boyan, 2008; E. P. Downs & Oliver, 2016; Isbister et al., 2011; 
Skalski et al., 2011). Custom approaches vary from single- or multiple-item 
measures to ranking conditions by preferences or capturing the related response 
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through qualitative means. Given a desire to avoid participant fatigue, short custom 
instruments were chosen over the longer existing scales for capturing preferences for 
both Study One and Study Two, as well as Enjoyment in Study Two. 
GEQ 
The GEQ (IJsselsteijn et al., 2007) was  implemented as a player experience 
measure in Study One only. Although the full core module of the GEQ (with 33 
items) was administered to Study One participants, all components except Flow (five 
items related to transportation, concentration and becoming occupied with the game), 
were excluded from analysis in the current research programme. Some components 
(such as Competence, Challenge and Sensory and Imaginative Immersion) were 
excluded due to conceptual similarities to components sampled by other instruments 
and to help reduce the experiment-wide error rate. Tension/Annoyance, Positive 
Affect and Negative Affect were excluded due to some issues with reliability and 
multicollinearity (Cronbach’s Alpha less than 0.7 and/or Pearson’s Correlation less 
than ‒0.4) (Mayers, 2013). While formal validation of the GEQ and its constructs has 
never been published, its use as a multi-component measure of the player experience 
across a range of studies supported its inclusion in the current research programme 
(Abeele et al., 2013; Ellick et al., 2013; Gerling et al., 2011; Martin & Wiemeyer, 
2012; Mizobata et al., 2014; Nacke, 2010). Flow is also consistently reported in 
NMCI research as an important player experience construct to examine (Abeele et 
al., 2013; Bowman & Boyan, 2008; Martin & Wiemeyer, 2012; Mizobata et al., 
2014; Schmierbach et al., 2012). It represents a different aspect of cognitive 
involvement than presence, and thus can offer unique insight into the broader player 
experience impacts of NMCIs. 
The GEQ implementation asked participants to indicate how they felt when 
playing the game with the control interface just used and rate each item on a five-
point scale between ‘0—not at all’ and ‘4—extremely’. Example items for Flow are 
"I lost track of time" and "I was deeply focused on the game". Item order for the 
GEQ was randomised upon presentation to participants, and the score for Flow was 
calculated as the average of its items. A higher Flow score represents a greater 
perceived level of its fulfilment. 
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SFSS 
The SFSS (version 2) is a nine-item instrument that was used to measure Flow 
in Study Two. The instrument was developed and validated by Jackson and 
colleagues in their work on dispositional and state measures of flow using either 
short (and likely one dimensional) or long (and multi-dimensional) approaches 
(Jackson & Marsh, 1996; Jackson et al., 2008). It covers nine dimensions of flow: 
Challenge‒Skill Balance, Merging of Action and Awareness, Clear Goals, 
Unambiguous Feedback, Concentration on the Task at Hand, Sense of Control, Loss 
of Self-Consciousness, Transformation of Time and Autotelic Experience. An 
example item is, “I did things spontaneously and automatically without having to 
think”. The implementation of the SFSS in Study Two used a 5-point Likert scale 
from ‘1—Strongly Disagree’ to ‘5—Strongly Agree’, asking participants to think 
about how they felt while playing the game with the control interface just used. The 
scores for the nine items are averaged into a mean that reflects overall perceptions of 
Flow for each control interface, with higher scores representing a higher perceived 
level of Flow. As the SFSS is a commercial scale, its full list of items has been 
redacted from the survey copy included in Appendix I. While it was originally 
conceived and validated for use as a sports science tool, it has received validation 
across a range of games research settings (Klarkowski et al., 2015; C. Lee et al., 
2015; Limperos et al., 2011; Schmierbach et al., 2012; Vella et al., 2015), supporting 
its use in Study Two. 
PENS 
An 18-item version of the PENS instrument (Ryan et al., 2006), which 
measures in-game satisfaction of psychological needs, was implemented as a player 
experience measure in both Study One and Study Two. The different components 
measured by the PENS in this study were as follows: Competence (three items), 
which is high when the player perceives their skills/abilities are being challenged and 
successfully demonstrated; Autonomy (three items), which is high when the player’s 
freedom of choice is perceived to be voluntary and uninhibited; Presence (nine 
items), which is high when the mediating technologies disappear and players 
perceive themselves to be in the game world; and Intuitive Controls (three items), 
which is high when the controls make sense and do not interfere with game 
involvement. The component of ‘Relatedness’ (consisting of three items) was 
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removed from this implementation due to its lack of relevance to the gameplay of the 
single-player game modes tested. The PENS implementation asked participants to 
think about their time playing the game with the control interface just used and rate 
their agreement to the items on a seven-point Likert scale between ‘1—do not agree’ 
and ‘7—strongly agree’. Example PENS items include, "I feel very capable and 
effective when playing" (Competence), "I experienced a lot of freedom in the game" 
(Autonomy), "When moving through the game world I feel as if I'm actually there" 
(Presence) and "When I wanted to do something in the game it was easy to 
remember the corresponding control" (Intuitive Controls). Item order for the PENS 
was randomised upon presentation to participants, and the score for each of the 
components calculated as the average of its items. A higher score for a construct is 
equal to greater satisfaction of the relevant PENS component. As the PENS is a 
commercial scale, only the above example items are included, with the full scale 
redacted from Appendix H and Appendix I. 
PENS was chosen as an instrument because it is a well-validated measure of 
the player experience based on the satisfaction of psychological needs such as 
Autonomy and Competence. Autonomy is not only integral to a need satisfaction 
view of the player experience, but could also be important in defining the impact of 
control interfaces. Since NMCIs are defined by the way they map control actions, 
this mapping could directly influence a player’s sense of their ability to freely 
demonstrate choice and influence in the game world, as measured by Autonomy. It 
was therefore viewed as an important measure that broadened examination of the 
player experience beyond the vast majority of existing NMCI research. Competence 
not only represents an important aspect of need satisfaction, but is also a popular 
measure of perceived performance in NMCI games research (Birk & Mandryk, 2013; 
Ellick et al., 2013; Gerling et al., 2011; Mizobata et al., 2014; Nacke, 2010). Given 
its potential to influence perceptions of play, there is a strong argument for 
measuring performance on both an objective and subjective level, as enabled by 
including Competence in the PENS. 
Using PENS also enabled measurement of two constructs specifically relevant 
to NMCI research and the research questions posed: Presence and Intuitive Controls. 
The positive relationship between the level of natural mapping in the control 
interface and perceived presence has not only been consistently shown in NMCI 
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research (Abeele et al., 2013; Birk & Mandryk, 2013; Kim et al., 2011; H. Lee & 
Chung, 2013; McGloin et al., 2015; Sah et al., 2010; Schmierbach et al., 2012; 
Skalski et al., 2011; Williams, 2013); it was also one of the main hypotheses related 
to Skalski et al.’s (2011) NMCI typology. It was thus considered vital to include 
presence among the player experience variables sampled to both validate this effect 
and enable comparisons with other player experience results, as well as gain an 
overall view of the full player experience influences of NMCIs. As discussed in the 
following section, the Intuitive Controls component in the PENS survey was used to 
measure perceptions of how intuitive each control interface was in a general way, 
helping to address RQ2. Its inclusion also allows for analysis related to player 
experience perceptions that were tied to mastery of the control interface. 
3.4.3 Intuitive Interaction 
An approach to measuring intuitive interaction with video games needed to be 
devised for the current research programme in order to fully address RQ2. As 
discussed in section 3.4.1, the GTF instrument design enabled measurement of 
relevant familiarity in the sample, in line with previous intuitive interaction research 
(Blackler et al., 2010), to predict the potential for intuitive use to occur. Three 
objective measures were used to operationalise and assess intuitive use for the 
control interfaces tested: Progress and Errors in Study One and Successful Hit % in 
Study Two. These measures acted in place of traditional intuitive use measures such 
as time to complete set tasks, codified intuitive uses and accuracy (Blackler et al., 
2010). In each game, the intuitive use measures thus reflected the participant’s ability 
to correctly and accurately use the assigned control interface to progress towards 
achieving the given in-game goal in the allotted time. Progress captures the distance 
travelled along the track towards the goal in the given time, arguably operationalising 
an aspect of ‘time to complete set tasks’ from intuitive interaction research. By 
contrast, Errors captures the number of significant events that impeded progress, 
similar to errors measures employed in intuitive interaction research (Blackler, 2008; 
Reddy, 2012). In Study Two, Successful Hit %. arguably captures both ‘correct 
intuitive uses’ and ‘errors’, since both the number of correct uses (successful hits) 
and the number of errors (unsuccessful hits) are required to determine the overall 
percentage. These objective measures thus generalise intuitive use for each condition 
into numerical scores for each participant. This summative approach replicates 
 Chapter 3 Research Design 89 
previous approaches to measuring intuitive use in that it is generalised in variables 
that are meaningful encapsulations of unconscious knowledge transfer (i.e. increased 
effectiveness and mental efficiency) when interpreted through the lens of relevant 
familiarity. The precise capture and coding procedures for all three intuitive use 
measures are detailed in their relevant study sections (section 4.2.3 for Study One 
and section 5.2.4 for Study Two). The Intuitive Controls component from the PENS 
also strengthens the intuitive interaction analysis by providing a perceived measure 
of its occurrence. Combined, this meant that intuitive interaction was measured in 
three ways: its potential to occur based on familiarity (with GTF), subjective self-
reported levels of its perceived occurrence (via Intuitive Controls from PENS) and 
objective empirical markers for its occurrence (through intuitive use measures). 
The intuitive use measures also naturally operationalise in-game performance, 
which has been established as an important aspect of the player experience in this 
research domain (Abeele et al., 2013; Brown et al., 2010; E. P. Downs & Oliver, 
2016; Gerling et al., 2011; Limperos et al., 2011; McMahan et al., 2010). 
Performance measures in previous games research were logically customised to the 
specific game contexts being studied, but generally measured either completion time, 
errors or some form of game score. In line with previous work, the Progress measure 
was displayed on screen like a game score (Cairns et al., 2014; E. P. Downs & 
Oliver, 2016; Herrewijn & Poels, 2013; Nijhar et al., 2012), whereas both Errors and 
Successful Hit % required post-play coding using captured game footage (Kavakli & 
Thorne, 2002; McMahan et al., 2010; Zaman et al., 2010). Thus, although 
interpreting these measures is primarily focused on intuitive interaction (RQ2) in the 
study chapters, additional analysis of their implications in relation to the player 
experience (RQ1) and performance measures in previous NMCI research is 
presented in the general discussion (Chapter 6). 
3.5 RESEARCH DESIGN SUMMARY 
This chapter has presented the research design for the current research 
programme, covering the research questions, scope/limitations, methodology, stages, 
participants, stimuli, measures and instruments. This research aims to answer 
questions about the influence of different NMCI types on player experience and 
intuitive interaction outcomes in video games, and how player characteristics shape 
these effects. A repeated-measures experiment-based research design was outlined, 
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primarily focused on quantitative analysis using a mixed-methods approach featuring 
questionnaire, survey and coded observations across two studies. The selection of 
stimulus materials, measures and instruments were outlined and justified. The next 
chapter details the execution and outcomes of this research design for Study One, 
which examined the influence of NMCIs in the context of a racing video game. 
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Chapter 4 Study One—NMCIs in a Racing 
Video Game 
Study One was designed to explain how different types of NMCIs affect the 
player experience (RQ1) and intuitive interaction (RQ2), using a racing video game 
as stimulus. Additional aims related to understanding how and why these effects vary 
according to player characteristics (RQ3). This chapter begins by presenting the final 
aspect of the method that has yet to be discussed, the experiment procedure, in 
section 4.1. Section 4.2 details the intuitive interaction measures that were adapted 
for use in the study. Section 4.3 presents the full set of experiment results, while 
section 4.4 reflects on these results through detailed discussion. The chapter ends 
with section 4.5, which provides a summary of findings and concluding remarks. 
4.1 METHOD 
This section outlines Study One’s experiment procedure. Details of the experiment 
manipulation, including the stimulus materials used, can be found in section 3.3.1. In 
summary, three NMCI types were tested using Forza Motorsport 4 (Turn 10 Studios, 
2011) in this study: the Controller (an example of the directional NMCI type), the 
SpeedWheel (categorised under the incomplete tangible NMCI type) and the 
RacingWheel (categorised as a realistic tangible NMCI). Refer to Figure 3.2 for a 
visual depiction of these control interfaces as used in the experiment. Section 3.2.3 
explains participant recruitment information, while section 4.3 details the descriptive 
statistics for the study sample.  
4.1.1 Procedure 
The study was conducted with participants individually and each session took 
around one hour to complete. During experiment scheduling, participants were asked 
to indicate their age bracket, which determined the random counterbalanced order of 
the study conditions they encountered in the experiment. Upon arriving at the 
laboratory, participants were given a brief scripted verbal overview of how the study 
session was to be conducted. Following this, the researcher administered the player 
characteristics and GTF questionnaires as a guided online survey (refer to Appendix 
A and Appendix F). The guided questionnaire approach was used, as with previous 
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applications of TF measurement (Blackler, 2008), to ensure that all participants had 
the highest chance of fully understanding the questions asked, many of which 
referred to very specific devices and technological features. This section of the study 
concluded with participants filling in additional player characteristic details, and in 
total took between 5‒15 minutes. Participants were then asked to play Forza 
Motorsport 4 (Turn 10 Studios, 2011) using their first assigned control device. To 
play the game participants were asked to sit approximately 2.5 metres in front of a 
55-inch TV connected to the game console and screen recording equipment. 
At the start of each experimental condition, the researcher gave a limited 
overview of what participants could expect to encounter in the play session, 
including a description of the basic controls along with the objectives—to relax, have 
fun and try to progress as far along the track as possible before the race was stopped. 
Participants were not told exactly how long they would be racing for and were not 
given any practice using the control devices. This was necessary in order to meet the 
experimental aim of measuring intuitive interaction, enabling assessment of the 
transfer of previous experiential knowledge for gameplay rather than measuring how 
quickly participants could be trained to use the control interfaces (Blackler, 2008). 
Once the participant confirmed their understanding, the game screen was remotely 
activated and the on-screen countdown to the start of the race began. During the play 
session, the researcher remained in the room, out of the player’s sight, to observe 
player behaviour and facilitate the experimental process. After four minutes of race 
time, the participant’s progress through the course, represented in the game as a 
percentage complete score, was recorded and the screen remotely deactivated. 
Participants were then asked to complete an online player experience survey (on their 
own) based on their time playing the game with the assigned control interface (refer 
to Appendix H). 
Next, participants were asked to complete an interview regarding their 
experience using the control device. The interview took one to two minutes and 
captured qualitative data about participants’ likes and dislikes of using the device and 
whether it worked as expected. Following the interview, participants were asked to 
play the game again with the next assigned control interface and the above process 
was repeated for the second and third conditions. After the interview regarding the 
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third device used, an additional interview was undertaken to capture general 
feedback and overall device preferences before the study session was concluded. 
4.2 INTUITIVE INTERACTION MEASURES 
This section outlines the adapted measures for intuitive interaction in Study 
One, specifically focusing on the GTF and intuitive use measures used. General 
information on the full set of measures and instruments used in Study One, including 
an introduction to the origins and design aims of the GTF measure, can be found in 
section 3.4. Four familiarity scores were calculated for each participant: three GTF 
scores related to their familiarity with each of the NMCI types tested (‘Directional 
GTF’ relating to Controller familiarity, ‘Incomplete Tangible GTF’ relating to 
SpeedWheel familiarity and ‘Realistic Tangible GTF’ relating to RacingWheel 
familiarity) and a ‘RaceLife Familiarity’ score to encapsulate participants’ relevant 
previous real-world experience (i.e. racing and driving a motorised wheel-controlled 
vehicle in real-life). Appendix F includes the full GTF questionnaire used in Study 
One. 
4.2.1 GTF Components, Formulae and Scoring 
For each item that contributed to the four familiarity scores, three questions 
were asked: the initial time the participant used/did the item and the most recent 
occasion the participant used/did the item (to determine the approximate length of 
item exposure), as well as the peak frequency of item use/exposure. Support 
materials were provided to support participant recall, such as relevant pictures that 
were displayed on screen and a list of release dates for relevant products or interfaces 
to refer to. Table 4.1 shows the selectable time categories for the initial time (TI), 
most recent time (TR) and peak frequency of use (F) questions as well as the metrics 
by which they were scored. The range of selectable time category responses was 
dependent on the commercial availability of the relevant item. For example, the 
SpeedWheel was released in November 2011, so at the time of data collection in 
early 2012, the maximum time categories selectable were ‘in the last year’ and ‘less 
often than every few weeks’. Scoring of question responses within each item were 
determined in a linear manner, with escalating and proportional values assigned to 
the broad time categories that participants selected from. For example, for the 
question asking about participants’ first use of the Controller, ‘in the last few days’, 
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is scored 1, yet ‘in the last few weeks’ is scored 1.25, since proportional to the 
maximum ‘more than 10 years ago’ (scored 5), there is little difference between the 
first two responses. This approach to designing question responses and scoring was 
different from the TF questionnaire, where time categories were also broad (e.g. “at 
least once a week”), yet the scores for each time category were not proportional to 
the temporal distance between them (Blackler, 2008). 
Table 4.1 
Selectable GTF Time Categories and the Metrics by Which They Were Scored 
Categories of Time  
(TI & TR) 
Scores for TI & TR Categories of Time (F) Scores for F 
in the last few days 1 daily 2.5 
in the last few weeks 1.25 every few days 2.25 
in the last few months 1.6 weekly 2 
in the last year 2 every few weeks 1.75 
in the last 5 years 3.2 every few months 1.25 
in the last 10 years 4 less often than every few months 1 
more than 10 years ago 5   
never 0   
 
Along with changes (from the original TF measure) to reflect the temporal 
distance between responses, introducing a factorial formula required the maximum 
values of question responses to be adjusted to reflect an appropriate weight for the 
component they represented. For example, the recent time score is subtracted from 
the initial time score to determine the temporal length of exposure, with a maximum 
possible value of 5, whereas the peak frequency of use has a maximum possible 
value of 2.5 to relatively constrain its power in the formula. Each item score was 
calculated using the following formula (where TI = ‘initial time used’, TR = ‘most 
recent time used’ and F = ‘peak frequency of use’): 
GTF item score = ((TI + 1) – TR) * (2 / TR) * F 
Essentially, this means the familiarity item scores consist of three components: 
the length of use/exposure, the recency of use/exposure and the frequency of 
use/exposure. In the length of use/exposure section of the formula, ((TI + 1) – TR), a 
constant (1) is added to the initial time (TI) score to ensure that if the first and last 
time the participant used/did the item is in the same category (e.g. in the last few 
weeks, scored 1.25), the length of use/exposure is not zero (which should only occur 
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if they have never used/done the item). The recency component, (2/ TR), was added 
to the formula to ensure that how recently a participant had been exposed to the item 
was also factored into the familiarity score, as with previous TF work (O’Brien, 
2010; Reddy, 2012). This also builds on existing intuitive interaction research, where 
diverse exposure scores (such as duration, intensity and diversity of use) can be 
factored together to create the overall exposure score (Hurtienne et al., 2010). While 
some existing TF constructs (such as the diversity of use of features) make limited 
sense in certain gaming contexts, how recently exposure took place could reasonably 
be expected to influence the accessibility of relevant experiential knowledge and, 
consequently, the potential for intuitive use. Using a constant (2) in the numerator 
position of the formula’s recency component both ensures that more recent exposure 
is given a higher score, and also constrains the weight of recency in the formula (the 
effective recency multiplier ranges from 0.4 for ‘more than 10 years ago’ to 2 for ‘in 
the last few days’). Finally, the frequency multiplier was used to appropriately 
moderate exposure length and recency by how frequently the participant engaged 
with the item. 
Table 4.2 details the items that make up each familiarity score. Item scores 
were also weighted according to their relevance to the overall familiarity score to 
which they contributed, as with previous TF work (Cave et al., 2014). For example, 
the score relating to previous use of the actual Xbox 360 controller received a higher 
weight in the Directional GTF familiarity score average than did the item score 
relating to general analogue stick previous use. The weighting of item scores (also 
detailed in Table 4.2) was designed to acknowledge the difference between using the 
same device and using a similar device or device feature, while still acknowledging 
the influential role of similar experiences established in intuitive interaction research 
(Blackler, 2008). Along with introducing a formula to determine familiarity item 
scores (rather than only summing the relevant scores as per TF), these changes were 
consistent with the aim to increase variation in the measure as well as its quantitative 
validity. Question metrics were set consistently across all items so that calculation 
with the GTF formula ensured that no familiarity always equalled an item score of 
zero. The next possible smallest item score was 0.4 (if the participant only used the 
item more than 10 years ago and less often than every few months). The highest 
possible item score was 25 (if the item was initially used more than 10 years ago, 
 96 Chapter 4 Study One—NMCIs in a Racing Video Game 
most recently used in the last few days, and was used daily at the time the participant 
was using it the most). 
Table 4.2 
Item Descriptions and Weights for each Familiarity Score, with Statistics for the 
Sample Range 
 Directional GTF Incomplete Tangible GTF 
Realistic Tangible 
GTF 
RaceLife 
Familiarity 
Actual device/activity 
(items with full weight) 
Standard Xbox 
360 Controller 
Wireless Speed 
Wheel for Xbox 
360 
Xbox 360 
Wireless Racing 
Wheel 
 
Similar device/activity 
(items with 4/5 weight) 
Analogue 
thumbstick on 
any other 
Controller 
Tilt-based 
control on any 
other controller 
Another similar 
console, PC or 
arcade racing 
wheel 
Raced a 
motorised wheel-
controlled 
vehicle in real 
life 
Similar feature/s from 
device/activity 
(items with 3/5 weight) 
Analogue 
trigger buttons 
on any other 
controller 
Analogue trigger 
buttons on any 
other controller 
 
Drove a 
motorised wheel-
controlled 
vehicle in real 
life 
CirclePad/Nub 
on a handheld 
game console 
Tilt-based 
control on a 
smartphone, 
tablet or 
handheld game 
console 
  
Theoretical max. score 22.3 17.6� 22.2� 25 
Max. score in sample 15.9 12.5 6.76 19.6 
Mean score in sample 5.87 4.3 1.65 8.55 
Standard Deviation for 
sample scores 4.77 3.05 1.45 4.05 
Cases of zero familiarity 
in sample 3 out of 64 2 out of 64 6 out of 64 2 out of 64 
 
The item scores created by the 168 possible value combinations were reviewed 
to ensure the output from the GTF item formula was logically sound and consistent. 
For example, the need to reduce the weight of frequency and recency (compared to 
the length of exposure) emerged during this stage when reviewing the list of possible 
outcomes with recency at full weight produced some undesirable results (outcomes 
representing over 10 years of exposure were being scored below outcomes with less 
than a year of exposure, despite only small differences in frequency or recency). 
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Table 4.2 shows the potential maximum for each GTF score as well as the actual 
maximum and mean GTF scores from this experiment’s sample. 
4.2.2 Using the GTF for Analysis 
In order to conduct repeated-measures analyses for this study, the three GTF 
scores relating to the control device conditions were used as both a repeated-
measures dependent variable (called ‘NMCI GTF Score’) and a single grouped 
between-subject factor (called ‘Combined NMCI GTF’). Using the existing NMCI 
GTF scores as a repeated-measures dependent variable enabled demographic 
analyses of device familiarity across the within-group variable. In the results section 
relating to NMCI GTF scores (section 4.3.1), the main and simple effects refer to the 
experimental condition (Control Device) names, yet could also be thought of as 
familiarity with the broader category of control devices or NMCI types. To further 
enable analysis of the impact of device familiarity across the other variables of 
interest in the study, the three NMCI GTF scores were also summed into a single 
score that was then grouped as a between-subject factor. The final scores for 
‘RaceLife Familiarity’ were also grouped into three levels to operationalise this 
variable as a between-subject factor. 
4.2.3 Intuitive Use 
Two objective measures were captured to investigate the impact of the NMCI 
type on intuitive uses in Study One—Progress and Errors. 
Progress 
Progress was captured as the percentage of the race that was completed, which 
was shown on the game’s visual interface, at four minutes through play in each 
condition. As the race was on a linear track, this represented the players’ progress 
towards their main goal: to race as far down the hill as possible before play was 
interrupted. The track and play time chosen ensured that participants were unable to 
complete the race, so the race percentage complete was always less than 100%. 
Errors 
Errors aimed to assess intuitive interaction during play by counting the number 
of significant errors committed by the participant while using each control device to 
play the game. Errors were codified post-play using observational analysis of the 
video game screen footage captured during play. This required the coding scheme for 
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errors to be based on visually apparent events, such as substantial mistakes in 
judgement or performance that negatively impacted achieving the in-game goal. 
Specifically, errors were considered to have been made when one of the following 
conditions was satisfied: the car spun around, flipped over or onto its side, stopped 
for no apparent reason or was put into reverse, or the player’s in-game point of view 
was changed. If this was part of the same event (i.e. if one error appeared to be 
causally linked to another), the combined event was only counted as one error. 
4.3 RESULTS 
Sixty-four participants (21 females and 43 males) voluntarily took part in the 
repeated-measures experiment. Participant ages ranged from 17 to 76, with an 
average age of 29.7 years (SD = 10.5). A series of mixed multi-factorial (two-way) 
ANOVAs and repeated-measures multivariate analysis of variance (RM MANOVA) 
were conducted using the ‘Control Device’ (Controller, SpeedWheel and 
RacingWheel) as the within-subjects factor. The four between-subject factors used in 
analysis were Gender in two groups as well as Age, Combined NMCI GTF and 
familiarity with racing/driving in real life (RaceLife Familiarity) in three groups. The 
repeated-measures dependent variables were assessed for multicollinearity issues and 
consequently broken up into four distinct analysis sets to avoid any violations to this 
assumption. The first set contained the NMCI GTF Score as the dependent variable, 
which was only assessed using the non-familiarity based between-subject factors 
(Age and Gender). All remaining sets were assessed using all four between-subject 
factors, since independence between the dependent variables and between-subject 
factors was clear. The second set primarily contained variables relating to the player 
experience (the Perceived Naturalness of CAM measure, Flow from the GEQ, and 
Presence, Autonomy, Competence and Intuitive Controls from PENS). The third and 
fourth sets each contained an intuitive use measure (Progress and Errors). 
Descriptive analysis of player preferences was also conducted by compiling results 
for participants’ post-play favourite control device for playing the game. 
Wilks’ Lambda and an alpha level of p < .025 was used as the significance test 
for the multivariate and univariate ANOVA results. This more conservative 
requirement for statistical significance was employed as a means of reducing the 
likelihood of type 1 errors. Additional results with an alpha level of p < .05 are also 
reported where the effect size, as measured by partial eta-squared, is medium or 
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higher according to Cohen’s (1988) rule of thumb (i.e. ηp2 ≥ .06). A Bonferroni 
adjustment with an alpha level of p < .05 was applied for all post-hoc pairwise 
comparisons within each test. Only the differences that satisfy these significance 
requirements are reported in results. Appendix J details the descriptive statistics for 
the between-subject factors and their groups, as well the full mean and standard error 
results. 
During data cleaning, one score was removed from each condition of the 
Progress measure due to participants travelling in the wrong direction on the course 
for more than a few seconds. No other missing values required intervention, as 
missing data was below the accepted threshold (Tabachnick & Fidell, 2013). 
Univariate outliers were identified through examining boxplots, and were found in 
most cases to also align with multivariate outliers (identified through calculating 
Mahalanobis distance) (Tabachnick & Fidell, 2013). All outliers were assessed and 
retained on the basis that they were legitimate data representative of real 
demographic groups in the broader population (usually older females, or males with 
high RacingWheel familiarity). Assumptions of normality were satisfied, as in all 
instances, there are both more cases than dependent variables and more than 20 cases 
per cell (Tabachnick & Fidell, 2013). The only exceptions were for Progress with 
Age, Gender and RaceLife Familiarity as between-subject factors, where only 17, 18 
and 19 cases remained in the oldest, female and middle-familiarity groups 
respectively after data cleaning. However, since ANOVA is robust to violations of 
normality and Progress was expected to be skewed in the population, no variable 
transformations were performed (Tabachnick & Fidell, 2013). The assumption of 
homogeneity of variance and covariance matrices was only violated for the 
ANOVAs with Progress and Errors as a dependent variable, although group sizes for 
these tests were nearly equal in all cases except for gender, providing robustness to 
this violation (Leech, Barrett, & Morgan, 2005; Mayers, 2013). Between-groups 
results for the excepted violation (Gender by Control Device for Progress and Errors) 
should be interpreted with caution. Implications for violations to the assumption of 
homogeneity of variance (as measured by Levene’s test of Equality of Error 
Variances) are detailed in footnotes within the analysis of each dependent variable, 
where they were observed to provide context to relevant results (Leech et al., 2005; 
Tabachnick & Fidell, 2013). Violations to the assumption of sphericity are also 
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highlighted within each relevant dependent variable, and in all cases were corrected 
with Greenhouse-Geisser adjustments. 
RM MANOVA Results 
RM MANOVAs conducted on the second set of variables (primarily related to 
the player experience) revealed a significant multivariate within-subjects effect of 
Control Device (F(12, 51) = 2.56, p = .01, ηp2 = .376) with Gender as a between-
subject factor. The only significant multivariate interaction was observed between 
Control Device and RaceLife Familiarity (F(24, 100) = 2.1, p = .006, ηp2 = .335). 
Multivariate between-subject effects were significant for Age (F(12, 112) = 2.1, p = 
.023, ηp2 = .183), with an additional result with a large effect size revealed for 
Combined NMCI GTF (F(12, 112) = 2.06, p = .026, ηp2 = .181). Step-down analyses 
for these multivariate effects, in cases where the univariate results also met the 
required alpha thresholds, is presented in the following results sections for relevant 
variables. 
4.3.1 NMCI GTF Score 
In the mixed ANOVA results with the NMCI GTF Score as a dependent 
variable, Mauchly’s Test indicated that the assumption of sphericity had been 
violated with Age (W = .824, χ2 (2) = 11.6, p = .003) as a between-subject factor, and 
so a Greenhouse-Geisser adjustment (ε = .85) was used for its within-subjects 
analysis. A significant main effect of Control Device on the NMCI GTF Score 
(F(1.7, 104) = 55.1, p < .001, ηp2 = .475) was revealed, such that participants 
reported the highest familiarity with the Controller (M = 5.79, SE = 0.53), followed 
by the SpeedWheel (M = 4.26, SE = 0.36, CONTROLLER p < .001), and reported the 
lowest familiarity with the RacingWheel (M = 1.64, SE = 0.18, CONTROLLER p < .001, 
SPEEDWHEEL p < .001). This effect was qualified, however, by an interaction between 
Control Device and Age (F(3.4, 104) = 7.3, p < .001, ηp2 = .193) for the NMCI GTF 
Score (shown in Figure 4.1). A between-subject effect of Gender on the NMCI GTF 
Score (F(1, 62) = 4.7, p = .034, ηp2 = .07) with a medium effect size was also 
revealed, such that males (M = 4.44, SE = 0.4) reported higher familiarity across 
devices than females (M = 2.92, SE = 0.57).  
For the interaction between Age and Control Device for the NMCI GTF Score 
(shown in Figure 4.1), the youngest group showed significant differences between all 
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devices, such that they reported the highest familiarity with the Controller (M = 9.04, 
SE = 0.9), followed by the SpeedWheel (M = 5.8, SE = 0.61, CONTROLLER p < .001), 
and reported the lowest familiarity with the RacingWheel (M = 1.94, SE = 0.31, BOTH 
p < .001). The middle Age group reported significantly less familiarity with the 
RacingWheel (M = 1.63, SE = 0.31) than both the Controller (M = 4.91, SE = 0.9, p < 
.001) and SpeedWheel (M = 4.01, SE = 0.61, p < .001), while the oldest group only 
reported significantly less familiarity with the RacingWheel (M = 1.37, SE = 0.33) 
than the SpeedWheel (M = 2.97, SE = 0.64, p = .032). For the within-device 
comparisons for Age, the youngest group reported significantly more familiarity with 
the SpeedWheel than the oldest group (p = .007), as well as significantly more 
familiarity with the Controller than both the middle (p = .006) and oldest (p < .001) 
Age groups. 
 
Figure 4.1. NMCI GTF Score for Control Device by Age. 
4.3.2 Perceived Naturalness of CAM 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for the Perceived Naturalness of CAM (W = .905, χ2 (2) = 6.12, p = .047), and so a 
Greenhouse-Geisser adjustment (ε = .913) was used for its within-subjects univariate 
analysis. Step-down analysis revealed a main effect of Control Device on the 
Perceived Naturalness of CAM (F(1.83, 113) = 4.18, p = .021, η𝑝𝑝2  = .063), such that 
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participants rated the Perceived Naturalness of CAM higher for the RacingWheel (M 
= 4.94, SE = 0.17) than the Controller (M = 4.3, SE = 0.22, p = .036). 
4.3.3 Flow (GEQ) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Flow (W = .869, χ2 (2) = 8.54, p = .014), and so a Greenhouse-Geisser adjustment 
(ε = .884) was used for its within-subjects univariate analysis. A statistically 
significant main effect of Control Device on perceived Flow (F(1.77, 110) = 5.39, p 
= .008, η𝑝𝑝2  = .08) was observed through step-down analysis, such that participants 
rated the perceived Flow of the RacingWheel (M = 3.43, SE = 0.12) higher than the 
Controller (M = 3.11, SE = 0.12, p = .015). A between-subject effect of Age on 
perceived Flow (F(2, 61) = 3.51, p = .036, η𝑝𝑝2  = .103) with a medium effect size was 
also revealed; however, the Bonferroni-corrected pairwise comparisons were non-
significant (all p >= .054). 
4.3.4 Presence (PENS) 
Step-down analysis revealed a significant main effect of Control Device on 
perceived Presence (F(2, 124) = 7.68, p = .001, η𝑝𝑝2  = .11), such that participants rated 
the perceived Presence of the RacingWheel (M = 4.37, SE = 0.19) higher than the 
Controller (M = 3.87, SE = 0.18, p = .003) and SpeedWheel (M = 4.06, SE = 0.19, p 
= .028). The effect was qualified, however, by an interaction with a medium effect 
size between Control Device and RaceLife Familiarity (F(3.61, 110) = 2.83, p = 
.032, η𝑝𝑝2  = .085) for Presence, adjusted for a violation to sphericity (W = .892, χ2 (2) 
= 6.83, p = .033, ε = .903). A between-subject effect of Age on Presence (F(2, 61) = 
3.93, p = .025, η𝑝𝑝2  = .114) with a medium effect size was also revealed, such that the 
youngest Age group (M = 3.56, SE = 0.26) rated the perceived Presence of the 
control devices lower than the middle Age group (M = 4.54, SE = 0.26, p = .029). 
For the interaction between Control Device and RaceLife Familiarity for 
Presence (shown in Figure 4.2), the low RaceLife Familiarity group rated the 
perceived Presence of the RacingWheel (M = 4.46, SE = 0.31) higher than the 
Controller (M = 3.66, SE = 0.29, p = .003), while the middle RaceLife Familiarity 
group rated the RacingWheel (M = 4.63, SE = 0.32) higher than the SpeedWheel (M 
= 3.95, SE = 0.32, p = .001), with no significant differences revealed for the high-
familiarity group. 
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Figure 4.2. Presence for Control Device by RaceLife Familiarity. 
4.3.5 Autonomy (PENS) 
Step-down analysis revealed a main effect of Control Device on perceived 
Autonomy (F(2, 124) = 3.66, p = .029, η𝑝𝑝2  = .056) with a rounded medium effect 
size, such that participants rated the Autonomy of the RacingWheel (M = 4.14, SE = 
0.2) higher than the Controller (M = 3.7, SE = 0.19, p = .037). A between-subject 
effect of Age on Autonomy (F(2, 61) = 3.85, p = .027, η𝑝𝑝2  = .112) with a medium 
effect size was also revealed, such that the youngest group (M = 3.41, SE = 0.27) 
rated the perceived Autonomy of the control devices lower than the middle group (M 
= 4.42, SE = 0.27, p = .028). 
4.3.6 Competence (PENS) 
The only effect revealed through step-down analyses for perceived 
Competence was a between-subject factor effect of Combined NMCI GTF (F(2, 61) 
= 17.5, p = .028, η𝑝𝑝2  = .111) with a medium effect size. Pairwise comparisons for this 
effect showed that the high Combined NMCI GTF group (M = 5.06, SE = 0.28) 
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reported higher perceived Competence across devices than the low Combined NMCI 
GTF group (M = 4.11, SE = 0.26, p = .045).10 
4.3.7 Intuitive Controls (PENS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for perceived Intuitive Controls with Gender (W = .84, χ2 (2) = 10.6, p = .005) and 
RaceLife Familiarity (W = .834, χ2 (2) = 10.9, p = .004) as between-subject factors, 
and so adjustments (GENDER ε = .862 and RACELIFE ε = .858) were used for their within-
subjects analyses. Step-down analysis revealed a significant main effect of Control 
Device on perceived Intuitive Controls (F(1.73, 107) = 4.55, p = .017, η𝑝𝑝2  = .068), 
such that participants rated the perceived Intuitive Controls of the RacingWheel (M = 
5.8, SE = 0.14) higher than the Controller (M = 5.2, SE = 0.2, p = .023). The effect 
was qualified, however, by an interaction with a medium effect size between Control 
Device and RaceLife Familiarity (F(3.43, 105) = 2.93, p = .031, η𝑝𝑝2  = .088) for 
Intuitive Controls. A significant between-subject effect of Combined NMCI GTF on 
perceived Intuitive Controls (F(2, 61) = 5.86, p = .005, η𝑝𝑝2  = .161) was also revealed. 
Pairwise comparisons showed that the low Combined NMCI GTF group (M = 5.15, 
SE = 0.17) scored perceived Intuitive Controls lower across devices than the middle 
(M = 5.93, SE = 0.18, p = .007) and high (M = 5.81, SE = 0.18, p = .031) familiarity 
groups. An additional between-subject effect of Age on perceived Intuitive Controls 
(F(2, 61) = 3.93, p = .033, η𝑝𝑝2  = .105) with a medium effect size was also revealed; 
however, pairwise comparisons were non-significant (all p >= .054).11 
For the interaction between Control Device and RaceLife Familiarity for 
Intuitive Controls (shown in Figure 4.3), the difference between devices was only 
significant for the high RaceLife Familiarity group, such that the RacingWheel (M = 
                                               
 
10 Violations to the assumption of homogeneity of variance were revealed for Combined NMCI GTF 
for Competence via Levene’s test for the Controller (F(2, 61) = 6.42, p = .003) and SpeedWheel (F(2, 
61) = 4.2, p = .02). With group sizes nearly even (LOW N = 23, MIDDLE N = 21, HIGH N = 20) and 
variation highest in the largest (low) group, the test should be robust to this violation. 
11 The results for Intuitive Controls are qualified by violations to the assumption of homogeneity of 
variance for the Controller across all between-subject factors (AGEF(2, 61) = 3.83, p = .027; GENDERF(1, 
62) = 7.92, p = .007; COMBINED_DEVICE_GTF F(2, 61) = 5.64, p = .006; RACELIFE_FAMILIARITY F(2, 61) = 3.22, 
p = .047). Further analysis for Age and Gender revealed variance highest in the smallest (oldest and 
female) groups, making a type 1 error more likely, and reinforcing the lack of any significant results 
found for these factors. Combined NMCI GTF and RaceLife Familiarity had nearly equal group sizes, 
and variance was found to be highest in the largest (low Combined NMCI GTF and high RaceLife 
Familiarity) groups, providing robustness to these violations. 
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5.95, SE = 0.22) was perceived to be significantly more intuitive than the Controller 
(M = 4.91, SE = 0.32, p = .009). 
 
Figure 4.3. Intuitive Controls for Control Device by RaceLife Familiarity. 
4.3.8 Progress—Intuitive Use 
Results from the mixed ANOVA for Progress indicated a significant main 
effect of Control Device on Progress (F(2, 116) = 24.1, p < .001, ηp2 = .293), such 
that participants made significantly less Progress with the RacingWheel (M = 59.2, 
SE = 1.29) than with the Controller (M = 64.9, SE = 1.4, p < .001) and SpeedWheel 
(M = 63.6, SE = 1.08, p < .001). This effect was qualified, however, by an interaction 
between Age and Control Device (F(4, 116) = 2.46, p = .049, ηp2 = .078) for Progress 
with a medium effect size (shown in Figure 4.4). This interaction also qualifies a 
between-subject effect of Age on Progress (F(2, 58) = 3.91, p = .026, ηp2 = .119) 
with a medium effect size, which revealed that the youngest group (M = 67, SE = 
1.92) made more progress across devices than the oldest group (M = 59.5, SE = 2.19, 
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p = .037).12 Significant between-subject factor effects were also shown for both 
Gender (F(1, 59) = 13.9, p < .001, ηp2 = .19) and Combined NMCI GTF (F(2, 58) = 
11.2, p < .001, ηp2 = .278). For the Gender effect, males (M = 65.5, SE = 1.31) 
showed higher Progress across devices than females (M = 56.5, SE = 2.02).13 For the 
significant between-subject effect of Combined NMCI GTF on Progress, the low-
familiarity group (M = 55.9, SE = 1.83) showed less Progress across devices than the 
other GTF groups (MIDDLE M = 64.9, SE = 1.78, p = .003; HIGH M = 67.5, SE = 1.83, p 
< .001).14 
 
Figure 4.4. Progress for Control Device by Age. 
                                               
 
12 These effects for Progress should be interpreted with some caution, however, as Levene’s test 
showed that the assumption of homogeneity of variance was violated for the Controller (F(2, 58) = 
6.03, p = .004) and RacingWheel (F(2, 58) = 7.29, p = .001) with Age as a between-subject factor. 
Further investigation revealed that variance was highest in the group with the smallest N (oldest, N = 
17), suggesting the potential for type 1 errors. Group size is nearly equal (with the other group’s N 
roughly 1.3 times the oldest group), however, providing some level of robustness to this violation. 
13 This effect should be interpreted with caution, however, as group sizes were uneven and violations 
to the assumption of homogeneity of variance were revealed via Levene’s test across all devices 
[(CONTROLLERF(1, 59) = 23.2, p < .001), (SPEEDWHEELF(1, 59) = 10.8, p = .002), (RACINGWHEELF(1, 59) = 
10.6, p = .002)]. Further investigation revealed that variance was highest in the smaller group 
(females), making a type 1 error more likely in this case. 
14 Violations to the assumption of homogeneity of variance were also revealed through Levene’s test 
across all control devices for Combined NMCI GTF [(CONTROLLER F(2, 58) = 13.9, p < .001), 
(SPEEDWHEEL F(2, 58) = 9.33, p < .001), (RACINGWHEEL F(2, 58) = 30, p < .001)]. With group sizes nearly 
equal (MIDDLE N = 21, LOW&HIGH  N = 20) and variance mixed relative to group sizes, as well as other 
results indicating a strong connection between device familiarity and Progress, a type 1 error is 
unlikely in this case. 
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For the interaction between Age and Control Device for Progress (shown in 
Figure 4.4), all Age groups made significantly more Progress with the SpeedWheel 
(YOUNGEST M = 67.4, SE = 1.79; MIDDLE M = 61.6, SE = 1.79; OLDEST M = 61.8, SE = 
2.04) than the RacingWheel (YOUNGEST M = 63.1, SE = 2.13, p = .007; MIDDLE M = 
57.3, SE = 2.13, p = .006; OLDEST M = 57.2, SE = 2.42, p = .01). Only the two 
younger groups progressed significantly further with the Controller (YOUNGEST M = 
70.5, SE = 2.32; MIDDLE M = 64.5, SE = 2.32) than the RacingWheel (YOUNGEST p < 
.001, MIDDLE p < .001). Within device, the only significant result revealed was for the 
Controller, showing that the youngest group made more Progress than the oldest 
group (M = 59.5, SE = 2.63, p = .008). 
4.3.9 Errors—Intuitive Use 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Errors with Age (W = .901, χ2 (2) = 6.25, p = .044) and Combined NMCI GTF 
(W = .878, χ2 (2) = 7.8, p = .02) as between-subject factors, and so adjustments (AGE ε 
= .91, DEVICE_GTF  ε = .891) were used for their within-subjects analyses. Significant 
interactions were found between Age and Control Device (F(3.64, 151) = 3.74, p = 
.009, ηp2 = .109) and Combined NMCI GTF and Control Device (F(3.57, 109) = 
4.02, p = .006, ηp2 = .116) for Errors. These interaction effects qualified significant 
between-subject effects that were revealed for Age (F(2, 61) = 3.98, p = .024, ηp2 = 
.115) and Combined NMCI GTF (F(2, 61) = 10.9, p < .001, ηp2 = .264). For these 
effects, the oldest group (M = 1.3, SE = 0.2) made more Errors across devices than 
the youngest group (M = 0.55, SE = 0.19, p = .021), and the low Combined NMCI 
GTF group (M = 1.55, SE = 0.17) made more Errors across devices than the middle 
(M = 0.64, SE = 0.17, p = .001) and high (M = 0.53, SE = 0.18, p < .001) device 
familiarity groups.15,16 A significant between-subject effect of Gender on Errors 
(F(1, 62) = 22.7, p < .001, ηp2 = .268) was also revealed, such that females (M = 1.6, 
                                               
 
15 The effects of Age on Errors should also be interpreted with some caution, however, as violations to 
the assumption of homogeneity of variance were revealed for Age by Errors via Levene’s test for the 
Controller (F(2, 61) = 10.7, p < .001) and RacingWheel (F(2, 61) = 4.41, p = .016). Although 
variation was highest in the smallest (oldest) group, group sizes were nearly even (YOUNGEST&MIDDLE N 
= 22, OLDEST N = 20) providing some robustness to this violation. This result also logically 
corresponds with equivalent interactions with Age shown for NMCI GTF Score and Progress. 
16 While violations to the assumption of homogeneity of variance were again revealed for Combined 
NMCI GTF for Errors via Levene’s test for the Controller (F(2, 61) = 17, p < .001) and RacingWheel 
(F(2, 61) = 4.39, p = .017), group sizes were nearly even (LOW N = 23, MIDDLE N = 21, HIGH N = 20) and 
variation was found to be highest in the largest (low) group, providing robustness to this violation. 
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SE = 0.17) made more Errors across devices than males (MEDIUM M = 0.61, SE = 
0.12). 17 
For the interaction between Age and Control Device for Errors (shown in 
Figure 4.5), the difference in Errors between devices was only significant for the 
oldest group, such that they made significantly more Errors with the Controller (M = 
2, SE = 0.34) than the SpeedWheel (M = 0.85, SE = 0.25, p = .017) or RacingWheel 
(M = 1.05, SE = 0.24, p = .023). For the within-device effects, only the Controller 
yielded a significant difference between Age groups, with the oldest group producing 
significantly more Errors than the youngest group (M = 0.23, SE = 0.33, p = .001). 
 
Figure 4.5. Errors for Control Device by Age. 
For the interaction between Combined NMCI GTF and Control Device for 
Errors (shown in Figure 4.6), only the low device familiarity group had significant 
differences between control devices, with more Errors for the Controller (M = 2.22, 
SE = 0.3) than the SpeedWheel (M = 1.26, SE = 0.23, p = .043) or RacingWheel (M 
= 1.17, SE = 0.23, p = .004). For the within-device effects, significant differences 
                                               
 
17 The effect of Gender on Errors should be interpreted with caution, however, as group sizes are 
uneven with variation highest in the smallest group (females) and violations to the assumption of 
homogeneity of variance were revealed for Errors by Gender via Levene’s test for the Controller (F(1, 
62) = 11.6, p = .001) and SpeedWheel (F(1, 62) = 6.67, p = .012). The result is logically consistent, 
however, with the effect of Gender observed on NMCI GTF Score. 
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were found only for the Controller, such that the low Combined NMCI GTF group 
had significantly more Errors than the middle (M = 0.52, SE = 0.31, p = .001) and 
high (M = 0.15, SE = 0.32, p < .001) device familiarity groups. 
 
Figure 4.6. Errors for Control Device by Combined NMCI GTF. 
4.3.10 Player Preferences for the Control Devices 
Descriptive analysis on player preference data (post-play favourite control 
device for playing Forza 4 (Turn 10 Studios, 2011)) was undertaken for the overall 
sample. The RacingWheel was the most preferred control device for playing the 
game, with 45.3% (N = 29) of the sample selecting it as their favourite device. The 
SpeedWheel was the second most preferred device, as favourite for 34.4% (N = 22) 
of the sample, while the Controller was favourite control device for only 20.3% (N = 
13) of the sample. Appendix K presents a full breakdown of preference results for 
each between-subject factor group. 
4.4 DISCUSSION 
4.4.1 NMCI GTF Score 
The between-subject effect of Gender on the NMCI GTF Score was such that 
males reported higher familiarity with the control devices than females. 
Demographic data from the broader population might help explain this difference, 
with males constituting a slightly higher percentage of both gamers in general and 
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players of racing games in the Australian population (Brand, Lorentz, & Mathew, 
2013). Racing is also generally recognised as a male-dominated sport, both in terms 
of its athletes and fans (AUTOSPORT, F1 Racing, & Motorsport News, 2015; 
Foundy & Thorry, 2013), so it would make sense that males would have more 
familiarity with the control devices intended for use with games that simulate this 
sport (which is the case for the SpeedWheel and RacingWheel GTF items). 
For the interaction between Age and Control Device for the NMCI GTF Score 
(shown in Figure 4.1), the youngest group reported higher familiarity relevant to the 
Controller than the SpeedWheel or RacingWheel, as well as higher familiarity 
relevant to the SpeedWheel than the RacingWheel. The middle Age group reported 
less familiarity relevant to the RacingWheel than both the Controller and 
SpeedWheel, while the oldest group only reported less familiarity relevant to the 
RacingWheel than the SpeedWheel. All Age groups reporting less familiarity with 
the RacingWheel, despite these types of control devices being available for longer, is 
likely due to the limited accessibility and utility of arcade-style racing wheel 
controllers. That is, they are rare to find outside of video game arcades, potentially 
awkward to store in the home due to their bulky size and can generally only be used 
for a single genre of games. By contrast, control interfaces featuring analogue sticks, 
such as the standard Xbox 360 Controller, have been the default control devices for 
most dedicated home video game consoles for the last two decades. Accelerometer 
tilt-based controls have only been broadly commercially available for half as long, 
but have featured heavily in recent popular and pervasive devices such as the 
Nintendo Wii and Apple iPhone. It is unsurprising, therefore, that familiarity levels 
for these types of devices would be higher in the sample. 
Within-device comparisons revealed that the youngest group had higher 
familiarity relevant to the Controller than both the middle and oldest Age groups, as 
well as more familiarity relevant to the SpeedWheel than the oldest group. This, and 
the between-device differences for the youngest group, could be explained by 
statistics showing that younger adult gamers generally play more frequently and for 
longer durations than older gamers, while the proportion of gamers also drops within 
older age brackets (Brand et al., 2013). Since the youngest group is expected to have 
higher levels of familiarity with gaming in general, it makes sense that they would 
also be the most likely to show increased familiarity with the most pervasive control 
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devices (especially the Controller) compared with older groups and other devices. By 
contrast, there was no difference between the Controller and SpeedWheel for the 
older Age groups. It is possible that the middle and oldest Age groups had greater 
acceptance for the relatively recent emergence of control interfaces with higher 
natural mapping such as the Nintendo Wii remote, the control interface for arguably 
the first video game console positioned as inclusive for females and older age groups 
(Rusetski, 2012; Suzuki & Matsuyama, 2006). Consequently, older gamers with less 
previous gaming experience were more likely to show equivalent familiarity (and in 
turn less of a device preference bias) with the SpeedWheel, as a newer and more 
unconventional device, than was shown for the more pervasive Controller. 
Regardless of the explanation for these differences, the devices and groups with 
higher NMCI GTF scores were expected to correspond with higher intuitive use 
outcomes, except where the level of natural mapping in the control interface might 
have overridden this response. 
4.4.2 Perceived Naturalness of CAM 
The main effect observed for Perceived Naturalness of CAM revealed that 
participants rated the naturalness of the RacingWheel higher than the Controller. 
This result supports Skalski et al.’s (2011) hypotheses and findings around NMCIs: 
that higher levels of natural mapping in the control interface led to higher levels of 
perceived naturalness of the controls. Although in this case the difference was only 
observable between the least and most naturally mapped control interfaces, this could 
be due to the SpeedWheel’s hybrid nature. While clearly the device’s overall shape 
and feel, as well as the way the main control action (steering) is mapped, fits Skalski 
et al.’s proposed definition for an incomplete tangible NMCI, the secondary control 
actions (accelerate and brake) are arguably directionally naturally mapped. While 
future work in this space could explore the impact of mixed levels of control 
interface natural mapping, especially by following a component-based approach to 
analysis, such work is beyond the scope of this study. Nevertheless, the mean 
SpeedWheel result still fell descriptively between the two more extreme NMCI types 
represented in the study, offering further qualified support for NMCI type ordering in 
the original typology. The results for Perceived Naturalness of CAM also suggest a 
degree of player awareness around the level of natural mapping in the controls that 
aligns with the NMCI typology. This appears to be effectively measured by focusing 
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on how control actions are mapped through the controls, extending previous research 
that focused on impressions of the perceived naturalness of the control interface as a 
whole device (Abeele et al., 2013; McGloin et al., 2011; Skalski et al., 2011). 
4.4.3 Flow (GEQ) 
A main effect of Control Device on perceived Flow was observed—
participants rated perceived Flow higher with the RacingWheel than the Controller. 
This result extends previous NMCI research, which has been unable to present a 
clear picture of the influence of different NMCIs on Flow (Abeele et al., 2013; 
Gerling et al., 2011; Limperos et al., 2011; Martin & Wiemeyer, 2012; Mizobata et 
al., 2014; Nacke, 2010). As with the perceived Naturalness results, no differences 
between the SpeedWheel and the other devices were reported, yet descriptive results 
fell between the more extreme NMCIs. Overall, this suggests that Skalski et al.’s 
(2011) hypotheses on the influence NMCI type ordering has on the player experience 
might extend beyond Presence to other aspects of play psychology, with higher 
natural mapping in the control interface generally providing a more positive outcome 
for Flow. 
4.4.4 Presence (PENS) 
The main effect of Control Device on perceived Presence revealed that 
participants rated the perceived Presence of the RacingWheel higher than the 
Controller and SpeedWheel. The effect was qualified, however, by an interaction 
between Control Device and RaceLife Familiarity (shown in Figure 4.2), which 
showed that no differences existed between devices for the high RaceLife Familiarity 
group. The low RaceLife Familiarity group rated the perceived Presence of the 
RacingWheel higher than the Controller, while the middle RaceLife Familiarity 
group rated the RacingWheel higher than the SpeedWheel. 
The main effect of Control Device on Presence further validates Skalski et al.’s 
(2011) finding, supported by broader research, that using more naturally mapped 
control interface types can lead to higher levels of perceived Presence (e.g. Abeele et 
al., 2013; Birk & Mandryk, 2013; McGloin et al., 2015; Schmierbach et al., 2012; 
Skalski et al., 2011). The qualifying interaction shows that those with lower 
familiarity with the equivalent real-life activity more readily perceived the increased 
feelings of transportation into the game world afforded by the most naturally mapped 
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device (the RacingWheel). It is possible that having high real-life familiarity is an 
impediment to the assumed impact of higher natural mapping levels on perceived 
Presence, since those players have to grapple most with discrepancies between the 
real-life interface and the simulation. Those with high real-life familiarity might have 
the highest expectations for more naturally mapped interfaces affording realistic 
interaction models, and therefore could be harsher critics—a notion supported by 
Pietschmann et al.’s (2012) tennis video game study. Having lower levels of real-life 
familiarity might remove this ‘impediment’, allowing for a closer match between the 
user’s simplified mental model for the real-life activity and the satisfaction of this 
model with more naturally mapped control interfaces. If this is true, then to achieve 
greater presence with higher levels of natural mapping for all players, designers 
might need to offer various control complexity settings to accommodate users at both 
ends of the real-life experience scale. The differences shown between the 
RacingWheel and SpeedWheel also suggest that their differentiating features change 
their influence on Presence. The increased naturalness in the RacingWheel, through 
additional realism in aesthetics and physical affordances, led to greater Presence for 
some players. 
The between-subject effect of Age on Presence, such that the youngest group 
rated the perceived Presence of the control devices lower than the middle Age group, 
might be more closely tied to previous gaming experience than age. As discussed in 
the NMCI GTF Score section (4.4.1), younger adults play more often and therefore 
could be more likely to be ‘hardcore’ players preferring traditional control devices. If 
this were true, then asking the youngest group to play with the more naturally 
mapped devices might limit their involvement in short-term play and could explain 
this result. They are also more familiar with similar experiences and therefore less 
likely to experience a ‘novelty’ effect in such a setting, which might be more likely 
for the less experienced middle Age group (and the oldest group, which descriptively 
also reported more Presence than the youngest group). 
4.4.5 Autonomy (PENS) 
The main effect for Autonomy revealed that participants found the 
RacingWheel to offer greater Autonomy than the Controller. This further extends the 
assumed influence of NMCIs on the player experience to Autonomy, suggesting that 
more naturally mapped devices might offer increased freedom of choice in games, 
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which has limited exploration in existing NMCI research with mixed results (Birk & 
Mandryk, 2013; Tamborini et al., 2010). It is possible that the higher control fidelity 
of more naturally mapped control devices might support the perception of increased 
Autonomy. Control interfaces with lower levels of natural mapping are constrained 
in the way that they can replicate real-life activities—for example, in the case of this 
experiment, the Controller constrains steering to a very fine two-dimensional range 
on an analogue stick input. Highly naturally mapped interfaces offer the potential for 
greater control fidelity because the physical actions required to execute in-game 
actions more closely mirror the complete physical range available in real life, such as 
moving the steering wheel a fraction to slightly adjust on a straight road. Although 
technical limitations currently impede more naturally mapped interfaces from always 
offering a higher level of control fidelity in all genres of games, this impediment is 
likely to erode as natural mapping technologies improve and a greater scope of 
activities can be accurately simulated through control interaction and visual 
feedback. 
The between-subject effect of Age on Autonomy, which showed that the 
youngest group rated the perceived Autonomy of the control devices lower than the 
middle group, reinforces the effect shown for Age on Presence. Once again, the 
youngest group’s rating was, descriptively yet not significantly, lower than the oldest 
group’s. Higher device familiarity and/or a preference for traditional gaming 
experiences might increase criticism or scepticism for naturally mapped controls in 
the younger group, making need satisfaction in short-term play more difficult to 
achieve. This could be related to an aversion to using more naturally mapped 
controls or a resistance to the supposed ‘novelty effect’ that they provide. 
4.4.6 Competence (PENS) 
The between-subject effect of Combined NMCI GTF on perceived 
Competence, such that the high Combined NMCI GTF group reported higher 
Competence across devices than the low Combined NMCI GTF group, was the only 
effect revealed for Competence. Perceived Competence would be expected to follow 
objective performance results closely as a perceived measure of demonstration and 
recognition of skill. This effect makes some sense, then, given that Combined NMCI 
GTF had conceptually similar between-subject effects on the performance measures 
sampled to capture intuitive use (Progress and Errors). This would suggest that 
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generally, players have a good awareness of their overall performance level, and that 
their general performance level and the corresponding awareness of their 
Competence is informed by their level of GTF. However, the link between GTF, 
performance and Competence makes the lack of main and interaction effects on 
perceived Competence somewhat surprising, given the effects observed for these 
other measures. 
It is possible that the more naturally mapped control interfaces in some way 
compensated for their generally lower familiarity (GTF), and in some cases reduced 
performance, to produce equivalent perceptions of Competence across devices. This 
is supported by discrepancies between the effects shown for the NMCI GTF Score as 
compared with those shown for Progress and Errors (to be discussed in the following 
sections). For example, most groups showed no difference in the Errors produced 
between the different NMCIs, and those that did produced more Errors with the least 
naturally mapped device. NMCIs with higher natural mapping thus exceeded 
expectations set by previous experiences (GTF), which might have led to equivalent 
perceptions of Competence with these devices. It is also possible that other aspects of 
the player experience influenced perceptions of Competence. Players generally 
experienced higher levels of Flow, Presence and Autonomy using the NMCIs with 
more natural mapping (especially the RacingWheel), potentially confounding 
perceptions of Competence with these devices. Essentially, engagement, fun or a 
novel experience might provide a halo effect that confounds negative perceptions of 
a relatively incompetent performance. 
4.4.7 Intuitive Controls (PENS) 
The between-subject effect of Combined NMCI GTF on perceived Intuitive 
Controls revealed that the low Combined NMCI GTF group scored the perceived 
Intuitive Controls of the devices lower than the middle- and high-familiarity groups. 
This result offers some level of validation for both the GTF and PENS Intuitive 
Controls measures. Since higher relevant interface familiarity has been shown to lead 
to greater intuitive use outcomes (Blacker, 2008), higher perceived Intuitive Controls 
across devices for those with higher device familiarity is also expected. This suggests 
that players with higher relevant device familiarity find corresponding controls to be 
less of an obstruction during play. It further shows that the link between familiarity 
and intuitive interaction extends to perceived measures of intuitive use. 
 116 Chapter 4 Study One—NMCIs in a Racing Video Game 
A main effect of Control Device on perceived Intuitive Controls that revealed 
participants rated the perceived Intuitive Controls of the RacingWheel higher than 
the Controller was qualified by an interaction between Control Device and RaceLife 
Familiarity for Intuitive Controls (shown in Figure 4.3). The interaction revealed that 
the difference shown in the main effect was only significant for the high RaceLife 
Familiarity group. That is, a high level of previous experience with the equivalent 
real-life activity was needed to perceive the most naturally mapped interface (the 
RacingWheel) as more intuitive than the least naturally mapped one (the Controller). 
This result again offers some level of validation for the revised approach to 
measuring familiarity undertaken in this study, here showing that higher real-life 
familiarity supports perceptions of intuition (and potentially need satisfaction) where 
the naturally mapped interface appears to support the transfer of real-life skills. In 
this case, it also suggests that natural mapping or real-life familiarity might have 
overridden device familiarity (GTF), since the NMCI GTF Score for the 
RacingWheel was lower for all groups. This offers some support for the notion that 
knowledge transfer from the sensorimotor or physical affordance levels of the 
intuitive interaction continua (see Figure 2.1) could be a legitimate pathway to 
intuitive use (or at least perceptions of it) with the potential to override traditional 
relevant TF for some users. This is further supported by the lack of differences 
between devices for the other groups, in contrast with differences shown between 
devices for the NMCI GTF Score, suggesting again that higher natural mapping 
could be providing a compensatory effect for lower GTF. 
4.4.8 Progress—Intuitive Use 
Results for Progress revealed a main effect of Control Device, such that 
participants made less Progress with the RacingWheel than with the Controller and 
SpeedWheel. A between-subject factor effect of Age on Progress was revealed, 
which showed the youngest group made more Progress across devices than the oldest 
group. However, both of these effects were qualified by an interaction (shown in 
Figure 4.4) revealing that all Age groups made more Progress with the SpeedWheel 
than the RacingWheel, although only the two younger groups made more Progress 
with the Controller than the RacingWheel. The interaction also revealed that the 
oldest group made less Progress with the Controller than the youngest group. 
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Though the size of the effects of Age on the NMCI GTF Score appear to be 
stronger than the corresponding effects on Progress, many of the same differences 
can be seen here. All groups had higher familiarity relevant to the SpeedWheel than 
the RacingWheel, and Progress in turn reflects previous experience levels with the 
same differences revealed. Similarly, only the two younger groups had higher 
familiarity relevant to the Controller compared with the RacingWheel, and the same 
differences are also evident for those groups in Progress. Even ignoring the 
interaction and reverting to the between-subject effect of Age or the main effect of 
Control Device, Progress results generally reflect previous experience as measured 
by the GTF. In general, participants made more Progress using the control devices 
for which they had the most relevant familiarity, providing support for the link 
between familiarity and intuitive use as well as validation of GTF and Progress as 
adapted measures for intuitive interaction. However, the within-device differences 
between the youngest and oldest groups only correspond for the Controller, perhaps 
indicating that the higher levels of natural mapping in the SpeedWheel compensated 
for the lower familiarity the oldest group showed for this device. The same 
conclusion could also be drawn for the youngest Age group, showing no difference 
in Progress between the Controller and SpeedWheel, despite this group showing 
stronger device familiarity with the Controller. Where discrepancies between the 
NMCI GTF Score and Progress appear, they support the notion that increased natural 
mapping (or transfer of sensorimotor knowledge through physical affordance) is 
compensating for lack of GTF to support higher than expected intuitive use 
outcomes.  
While no significant interactions were found for the other between-subject 
factors for Progress, between-subject factor effects were revealed for Gender, such 
that males had higher Progress across devices than females, and Combined NMCI 
GTF, such that the low-familiarity group made less Progress across devices than the 
middle and high Combined NMCI GTF groups. If the gender effect is accurate 
(given violations to the assumption of homogeneity of variance), this result would 
also reflect the effect revealed for Gender on the NMCI GTF Score. With higher 
familiarity across control devices used with racing games, males would also be 
expected to generally perform better in such a game. Reinforcing this logic, it also 
appears that with little familiarity with the relevant control interface features, the low 
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Combined NMCI GTF group struggled to perform to the same level as the other GTF 
groups. A moderate level of device familiarity, however, was enough to boost 
Progress to a level equivalent to the high-familiarity group. These between-subject 
effects further suggest that intuitive use was primarily supported by relevant device 
familiarity levels. In contrast, the lack of an effect of RaceLife Familiarity on 
Progress, despite its influence on perceived Intuitive Controls, suggests that the 
natural mapping in the control interfaces might have lacked the realism or fidelity to 
effectively support transfer of relevant skills from the equivalent real-life activity. 
4.4.9 Errors—Intuitive Use 
The between-subject effect of Gender on Errors revealed that females made 
more Errors across devices than males. As with the effect of Gender on Progress, this 
result would logically correspond with the between-subject effect revealed for 
Gender on the NMCI GTF Score. With higher familiarity across the control devices 
used with racing games, males would be able to better leverage the intuitive 
interaction potential of the control interfaces and make fewer Errors during play. 
A between-subject effect of Age on Errors revealed that the oldest group made 
more Errors across devices than the youngest group, although this was qualified by 
an interaction (shown in Figure 4.5) revealing that this difference was only true for 
the Controller, and that the oldest group also made more Errors with the Controller 
than the SpeedWheel or RacingWheel. This is partially congruent with equivalent 
interaction effects between Control Device and Age as shown for the NMCI GTF 
Score and Progress, supporting the link between familiarity and intuitive use. For 
example, the youngest group had higher familiarity relevant to the Controller 
compared with the oldest group, and consequently made more Progress and fewer 
Errors than the oldest group with that device. However, differences between control 
devices for the various groups also appear to support the notion that natural mapping 
levels might compensate for lack of familiarity and offer more intuitive interaction 
potential. For example, all groups had a significantly higher level of familiarity 
relevant to the SpeedWheel compared with the RacingWheel, and the younger 
groups also had higher familiarity relevant to the Controller compared with the 
RacingWheel; yet there was no difference in the number of Errors produced across 
these devices for these groups. Even the group with the lowest levels of familiarity 
across devices, the oldest group, produced more Errors with the least naturally 
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mapped control interface (Controller) compared with the more naturally mapped 
devices, despite having no difference in familiarity relevant to the Controller 
compared with the other devices. A higher age might be the cause of more Errors 
with the Controller, although this could be better explained by slower response times 
or reduced familiarity, as suggested by other work (Blackler & Popovic, 2015; 
O’Brien, 2010; Reddy, 2012). More naturally mapped controls also appear to have 
helped this group meet the demands of the interactive context by simplifying the 
control interface and leveraging embodied knowledge. Overall, these results suggest 
that increased natural mapping can improve intuitive interaction outcomes regardless 
of familiarity levels, although in this case, it appeared to offer the greatest benefits 
for less experienced users. 
The interaction between Combined NMCI GTF and Control Device for Errors 
(shown in Figure 4.6) furthers supports the conclusions drawn above concerning both 
the influence of device familiarity on intuitive use (i.e. higher familiarity leads to 
higher performance) and the increased intuitive interaction potential of more 
naturally mapped control interfaces. As with the oldest group, only the low device 
familiarity group revealed differences between control devices, with more Errors for 
the Controller than the SpeedWheel and RacingWheel. Within device, the low 
Combined NMCI GTF group made more Errors with the Controller than the middle 
and high device familiarity groups. These results support the notion that players 
perform better with more familiar devices, as low relevant device familiarity led to 
more Errors with the Controller, while a moderate or higher level of device 
familiarity produced evidence of intuitive use through fewer Errors with that device. 
That the same difference does not occur within device for either the SpeedWheel or 
RacingWheel, and that the oldest group made fewer Errors with these devices, again 
suggests that the higher levels of natural mapping in these devices could be 
compensating for lower levels of device familiarity. With limited natural mapping in 
the Controller, intuitive use outcomes appear to rely solely on device familiarity 
levels, but higher natural mapping levels in the SpeedWheel and RacingWheel 
appear to compensate for the influence of reduced familiarity to support equivalent 
intuitive use outcomes. 
The lack of effects for RaceLife Familiarity, as with Progress, suggest this 
influencing effect of natural mapping on performance does not transfer from 
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familiarity with the equivalent real-life interface. It could be that the simulation 
differs too much from the real-life activity—lacking realism and fidelity in the 
natural mapping—to effectively transfer skills, or perhaps that the effect is too small.  
4.4.10 Player Preferences 
In the overall sample, the RacingWheel was the most preferred control device 
for playing the game, followed by the SpeedWheel, with the Controller reported as 
the least preferred control device. Preference therefore generally trends up with the 
level of natural mapping present in the control interface, a similar pattern to many of 
the player experience results. This contrasts with the main effect seen in measures 
such as the NMCI GTF Score and Progress, perhaps indicating that player experience 
factors such as Flow, Presence and Autonomy are more influential in players’ minds 
when selecting a favourite control device. The novelty of using more naturally 
mapped control interfaces with a racing game, as reflected in the perceived Intuitive 
Controls and Natural Mapping measures, might also offer an explanation for 
increased preference based on short-term play. Increases in the number of Errors 
produced while using the Controller for the oldest and low-familiarity groups might 
also have contributed to the reduced levels of preference shown for that device. 
4.5 STUDY ONE SUMMARY AND CONCLUSIONS 
The following subsections summarise findings related to each of the main 
research questions. Section 4.5.1 discusses the findings for the influence of NMCIs 
on the player experience (RQ1), while section 4.5.2 focuses on findings related to 
how the NMCIs influenced intuitive interaction (RQ2). Both summaries also reflect 
on how player characteristics influenced these results (RQ3). Section 4.5.3 presents 
the concluding remarks for Study One. 
4.5.1 The Player Experience 
Overall, results revealed that both the NMCI type and the examined player 
characteristic attributes can have a substantial influence on the player experience. 
Generally, NMCIs with higher levels of natural mapping facilitated a more positive 
player experience, evidenced by results for Flow, Presence and Autonomy. Despite 
generally having more familiarity and higher performance levels with the less 
naturally mapped control interfaces (such as the Controller), player preferences 
reflected these player experience results, with overwhelming support for the more 
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naturally mapped control interfaces (particularly the RacingWheel). While no 
differences were shown between devices for perceived Competence, despite 
differences in familiarity and performance, this also points to the influence of natural 
mapping. Higher levels of natural mapping in the controls might override familiarity 
and performance deficiencies to provide equivalence across devices for perceived 
Competence, or a more positive player experience with these devices (as reflected in 
other variables) might confound perceptions of Competence. Unsurprisingly, higher 
overall device familiarity led to greater perceptions of Competence across devices, 
yet other player characteristics results (e.g. Age) suggested that those with greater 
previous gaming experience might be averse to gaming with natural controls or 
might not benefit from their ‘novelty effect’ in short term play. 
Further validation of Skalski et al.’s (2011) NMCI types was also provided 
through this analysis, with both perceived Naturalness and Presence results 
confirming their initial hypotheses and findings. Higher levels of natural mapping in 
the control interface generally led to higher levels of perceived Controller 
Naturalness and higher levels of perceived Presence. In the case of perceived 
Naturalness, this was shown for the first time by sampling perceptions of the 
naturalness of control action mapping rather than general perceptions of the control 
device. For Presence, results also suggested that higher levels of previous experience 
with the equivalent real-life activity might impede the influence of natural mapping, 
since these players have a clearer mental model and higher expectations for realistic 
mapping. More naturally mapped controls also led to greater Flow and higher need 
satisfaction through Autonomy, clarifying and extending the assumed influence of 
NMCIs on the player experience. In all, Study One shows that more naturally 
mapped controls can enable a more positive player experience, even when familiarity 
and performance is lower for these devices; however, supported control schemes 
should also be designed in consideration of player characteristics influences.  
4.5.2 Intuitive Interaction 
The GTF measures proved useful both as a means to providing context for 
player experience results (as discussed above) and also as an effective predictor of 
intuitive interaction. Differences shown for the NMCI GTF Score dependent variable 
were largely reflected in the objective measures for intuitive use, while the 
Combined NMCI GTF measure also helped to explicate the results for all three 
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intuitive use variables. For example, participants with low Combined NMCI GTF 
reported lower perceptions of Intuitive Controls and made less Progress across 
devices, and also made more Errors on the least naturally mapped device. High 
RaceLife Familiarity was also shown to facilitate the perception that the most 
naturally mapped device was more intuitive, while familiarity differences revealed 
by Gender were also reflected in Progress and Errors. In short, Study One further 
validates the connection between familiarity and intuitive interaction (Blacker, 
2008), extending its reach to video gaming contexts and perceived measures of 
intuitive use. Player characteristic differences based on demographics were largely 
explained by the connection between familiarity and intuitive use. 
However, where discrepancies between the NMCI GTF Score and intuitive use 
measures were shown, they suggested that higher natural mapping in the control 
interface compensated for reduced familiarity to facilitate higher than expected levels 
of intuitive interaction. This was shown through equivalent or lower levels of Errors, 
as well as fewer differences for Progress, for the more naturally mapped control 
interfaces. This represents solid empirical evidence that sensorimotor (or embodied) 
knowledge transfer for intuitive interaction can be facilitated by a control interface 
with higher levels of natural mapping. In other words, intuitive use can be supported 
by increased natural mapping rather than or in addition to TF. These differences also 
suggest that the compensatory effects, and intuitive use benefits, of increased natural 
mapping are greater for those with low GTF or high Age. While these benefits are 
clearer for those with less familiarity, increased natural mapping does not appear to 
hinder intuitive use for those with higher GTF and could actually offer benefits 
complementary to GTF (as shown by equivalence in Errors, fewer differences for 
Progress and greater perceived Intuitive Controls across devices). 
4.5.3 Concluding Remarks 
The results from Study One show that the use of different NMCI types can lead 
to substantial differences in player experience and intuitive interaction outcomes. 
Overall, more naturally mapped control interface types generally offered 
significantly improved outcomes over devices with less natural mapping. This is 
especially true when comparing the most naturally mapped control interface, the 
RacingWheel, with the traditional Controller with limited natural mapping. However, 
participants were less familiar with the more naturally mapped controls, which 
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generally resulted in lower Progress. The results further suggest, though, that higher 
levels of natural mapping in the control interface can compensate for lower 
familiarity by reducing errors, offering more equivalent intuitive use and perceptions 
of Competence results than predicted by the NMCI GTF Score and providing richer 
player experience outcomes. These positive effects align with participants’ 
preference for the more naturally mapped control interfaces, even though participants 
were less familiar with these devices and generally performed worse with them. 
Player characteristics further qualified these findings, presenting a more 
complex picture of the benefits of increased natural mapping. Demographic attributes 
such as age and gender influenced familiarity and intuitive use, while previous 
experience measures also qualified some player experience results. Overall, a rich 
picture of the influence of NMCIs on the player experience and intuitive interaction 
has been presented here, extending understanding of the NMCI typology and 
influence of NMCI types on the player experience and intuitive interaction. 
However, further validation of these findings in a new gameplay setting, with a new 
set of NMCIs, was required to assess their generalisability and the extent to which 
the gaming genre and contexts limits these findings. The following chapter aims to 
achieve this by presenting a similar experiment of NMCIs for a tennis video game, 
removing the traditional, directionally naturally mapped control interface to focus on 
NMCIs with higher levels of natural mapping. Chapter 6 then compares and contrasts 
the main findings from the two experiments in a general discussion that aims to fully 
address the research questions and highlight this work’s contributions. 
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Chapter 5 Study Two—NMCIs in a Tennis 
Video Game 
Study Two was designed to further explain how different NMCI types affect 
the player experience (RQ1) and intuitive interaction (RQ2) with video games, using 
a tennis video game as stimulus. Additional aims relate to further understanding how 
and why these effects vary according to player characteristics (RQ3). This chapter 
begins with section 5.1, which presents the study’s experiment procedure. Section 
5.2 discusses intuitive interaction measures that underwent further changes or were 
adapted for Study Two, namely GTF and intuitive use, in more detail. Section 5.3 
presents the experiment results, while section 5.4 discusses and analyses the results 
for each measure. Section 5.5 provides an integrated summary of findings and 
concluding remarks for the study. 
5.1 METHOD 
This section outlines the experiment procedure used in Study Two. Section 3.3.2 
includes details of the experiment manipulation, including the stimulus materials 
used. In summary, three NMCIs types were tested in this study using Virtua Tennis 4 
(Sega, 2011): the Kinect (categorised as a kinesic NMCI), the Move (categorised as 
an incomplete tangible NMCI) and the RSM (or Racket Shell Move, categorised as a 
realistic tangible NMCI). Refer to Figure 3.3 for a visual depiction of these control 
interfaces as used in the experiment. Section 3.2.3, details participant recruitment 
information, while section 5.3 presents the descriptive statistics for the study sample. 
5.1.1 Procedure 
The experiment was conducted with participants individually and each session 
took around one hour to complete. Participants were asked to indicate their gender 
and age bracket while scheduling their study session, which was controlled for when 
determining the random counterbalanced order of the conditions they encountered in 
the experiment. The participant’s dominant tennis hand was also captured during this 
process to facilitate control interface setup. Upon arriving at the laboratory, 
participants were given a brief scripted verbal overview of how the study session was 
to be conducted. Following this, the researcher administered the player 
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characteristics and GTF questionnaires as a guided online survey on a PC (refer to 
Appendix B and Appendix G). This section of the study concluded with participants 
filling in additional demographic details, and took between 5‒15 minutes in total. 
The following procedure was then initiated to have the participants play Virtua 
Tennis 4 (Sega, 2011) with their first assigned control interface. 
 
Figure 5.1. The test environment for Study Two. 
When commencing each experimental condition, the researcher gave a limited 
overview of what participants could expect to encounter during the play session. This 
included a basic description of the controls (acted out by the researcher through a 
limited physical demonstration to increase comprehension) and the main objectives: 
to have fun and perform as well as they could in the match until play was stopped. In 
line with the aim to measure intuitive interaction, as with Study One, participants 
were not informed of exactly how long they would be playing for and were not given 
any practice using the control interfaces. To play the game, the participant was asked 
to begin standing on the ‘starting mark’ in the middle of the ‘play space’ (as shown 
in Figure 5.1), located approximately two metres directly in front of a 55-inch TV 
connected to the game console and screen recording equipment (out of view). The 
play space was approximately 2.5 metres wide and 1.5 metres front to back, confined 
by walls on both sides, a couch at the back and a line of tape at the front. The play 
space dimensions and its distance from the TV were set according to the play 
environment recommendations given by Microsoft and Sony for play with their 
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motion-control interfaces. Participants were instructed to remain within the play 
space (in front of the couch and behind the line on the floor) during play to stay 
within the range of the sensors. 
Once each participant confirmed that they understood the procedure, they were 
prompted to un-pause the game as they stood ready on the starting mark in the test 
environment. During the play session, the researcher remained in the ‘observation 
chair’, out of the player’s sight, to observe player behaviour and facilitate the 
experiment. After six minutes of play time, the screen was remotely deactivated and 
participants were asked to return to the survey PC to complete an online player 
experience survey (on their own) based on their time playing the game with the 
assigned control interface (refer to Appendix I). This survey took approximately 5‒
15 minutes to complete, concluding with open-ended questions that captured 
participants’ positive and negative impressions of the control interface. Participants 
were then asked to play the game again with the next assigned control interface and 
the above process was repeated for the second and third conditions. After the third 
player experience survey regarding the final control interface, some additional survey 
questions sampled overall NMCI preferences and general feedback before the study 
session concluded. 
5.2 INTUITIVE INTERACTION MEASURES 
This section outlines the adapted measures for intuitive interaction in Study 
Two, specifically focusing on the GTF and intuitive use measures used. Section 3.4 
provides information on the full set of measures and instruments used in Study Two, 
while section 4.2 details the design of the first GTF version used in Study One, 
which is the basis for the GTF in this study. As with Study One, four familiarity 
scores were calculated for each participant in Study Two: three GTF scores related to 
their familiarity with each of the NMCI types tested (‘kinesic GTF’, relating to 
Kinect familiarity, ‘Incomplete Tangible GTF’, relating to Move familiarity, and 
‘Realistic Tangible GTF’, relating to RSM familiarity) and a ‘TennisLife Familiarity’ 
score to encapsulate participants’ relevant previous real-world experience (i.e. 
playing tennis or similar games/sports in real life). However, several changes were 
made to the design of the questions and scoring procedure to support participant 
recall and comprehension as well as increase the accuracy and variability of the 
scores the instrument produced. This section outlines these changes and builds 
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support for the revised GTF approach. Appendix G includes the full GTF 
questionnaire used in Study Two. 
5.2.1 Revising the GTF for Study Two 
Separate to changes that would be automatically required for an instrument of 
this type, which is customised to the features of the system studied, two main 
changes were made to the revised GTF. The first is that an additional exposure 
variable was sampled with this version: average session duration. That is, in addition 
to sampling the length, recency and frequency of exposure, the duration of a 
participants’ average session with relevant items was also captured and factored into 
the GTF formula. The main motivation for including this was that duration of play 
was regarded as an aspect of exposure to video games that could vary greatly 
between participants. While recent research shows that the average gaming session 
for Australian gamers is 88 minutes, this average value can vary when broken down 
by demographic groups from under 20 minutes to over two hours (Brand & 
Todhunter, 2015). This decision was also supported by the identification of duration 
(labelled ‘intensity’) as a key exposure variable relevant to prior experience by 
intuitive interaction researchers, along with exposure length and frequency 
(Hurtienne et al., 2010). The form of this question was simply, “When using <the 
item>, how long was an average session?”, with answer fields supporting any 
combination of hours and minutes to generate a continuous response variable. This 
highlights the second major design change to the GTF instrument for Study Two—
the capture of continuous variables rather than predefined categorical responses. 
In administering and scoring the GTF for Study One, two issues emerged 
related to the use of broad multiple choice time response categories. The first is that 
participants who were more aware of their relevant previous experiences reported 
frustration about having to generalise their response into such a broad time category. 
Many participants appeared to immediately recall a specific temporal value, and then 
took additional time attempting to find the best match from the available responses. 
This defeated the original intended purpose of having preselected categories to 
choose from, which was intended to make it easier and faster for participants to 
generalise their response. The second issue was encountered during scoring of the 
broad time categories and in subsequent analysis. In determining the value to assign 
the categories, a representative score was selected that quantified the distance 
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implied by category descriptions, since some time categories represented a span of 
five years or more. This also filtered the natural variability that would have otherwise 
existed in the sample, resulting in some participants being scored the same even 
though their exposure might have been markedly different. This undermined the 
original goal of increasing the GTF’s quantitative validity in addition to making it 
difficult to group GTF variables into relatively equal between-subject factor groups 
for analysis.  
In accordance with the above issues, the decision was made to allow 
participants to respond to GTF questions with open values in the most common time 
formats potentially conceivable for responses. For example, in sampling the most 
recent time an item was used, participants could respond with a temporal value in 
years, months, weeks or days, or any combination of these values. In line with 
supporting capture in the time format each participant recalled, the revised GTF also 
supported capture of frequency in terms of the total number of times the item was 
used. While at face value, these changes could be seen to make administering the 
GTF more complicated or time consuming, this did not bear out during either 
piloting or the formal study. As with Study One, the guided GTF questionnaire was 
supported by stimulus and reference materials, such as relevant pictures on screen to 
support participant recall and a list of release dates for relevant products or 
interfaces. By using these support materials, it was relatively easy for most 
participants to recall the appropriate responses. While some participants had to 
generalise due to difficulty recalling precise exposure details, they could do so in the 
time format of their choice rather than trying to match their response to preselected 
categories. Any additional cost or complexity introduced by this change was thus 
applied to the subsequent scoring of responses rather to the process encountered by 
participants. 
When considering changes to response categories and values, maintaining the 
theoretical connection to familiarity measurement in existing intuitive interaction 
research was considered a priority. While the above changes were justified in the 
context of this research, the integrity of the GTF instrument used in Study One 
needed to be maintained to achieve this goal. This consistency also supported 
research design goals to (as much as possible) use the same measures in both studies 
in order to support comparability and appropriately address the overarching research 
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questions. To make the required changes to GTF iterative, rather than a complete 
overhaul of approach, the decision was therefore made to integrate the changes 
within the existing scoring procedure used for Study One. On a practical level, this 
meant that the existing formula and scoring system acted as the scaffold within 
which the new exposure type (duration) and the continuous response variables were 
integrated. Namely, the frequency score was combined with the duration score, 
maintaining the same maximum value and weight in the GTF formula, yet relabelled 
as ‘intensity’. The same formula and range of scores for TI (the initial time used) and 
TR (the most recent time used) were also maintained, with the continuous responses 
linearly applied within the existing score brackets. Section 5.2.2 outlines the precise 
calculations made to transform the new continuous variables into the existing score 
ranges. In short, rather than proposing a new GTF formula and scoring system for 
Study Two, limiting a direct comparison of GTF scores (and in turn familiarity and 
player characteristic results) across both studies, the defining attributes of these 
factors from the original approach were maintained. This approach was chosen in 
order to integrate the other required changes in a way that minimised the extent to 
which they degrade generalisability across studies. 
5.2.2 Revised GTF Components, Formulae and Scoring 
For each item that contributed to the four familiarity scores, four questions 
were asked: the initial and most recent time the participant used/did the item, the 
average frequency of item use/exposure and the duration of an average session. To 
determine the score for each of these variables, the continuous response variable was 
transformed so that it fell between the scores assigned to the equivalent selectable 
time categories in Study One. Table 5.1 presents the precise definitions and values 
for each of these score ‘brackets’ between which the continuous variable was linearly 
mapped. The upper limits for the largest time category for each variable were set by 
the largest value found in the full sample for that variable. For initial exposure, this 
was 63 years ago; for frequency, it was equivalent to approximately every nine years 
and four months; and for duration, it was set at 10 hours. Duration used the same 
bracket scores as frequency, yet since this was a new variable, its time bracket 
definitions were determined in a way that ensured adequate variation across the 
sample and created a logical temporal gap between the bracket scores. Frequency 
was changed from ‘peak frequency’ to ‘average frequency’ in this study in 
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accordance with feedback from Study One that indicated participants could 
conceptualise an average frequency value more easily than recall the time period of 
‘peak’ use (the definition of which might vary across participants). Appendix L 
presents the precise process (and series of equations) used to transform the 
continuous variable responses into their equivalent score values. 
Table 5.1 
Time Category Brackets for Each GTF Response Variable 
 Selectable Time Responses from Study One 
Score 
Applied 
Temporal Definition 
for Study Two 
 never 0 never 
Initial and 
Most Recent 
Time 
(TI & TR) 
in the last few days 1 1 day ago 
in the last few weeks 1.25 4 weeks ago (28 days) 
in the last few months 1.6 4 months ago (121.75 days) 
in the last year 2 1 year ago (365.25 days) 
in the last 5 years 3.2 5 years ago (1826.25 days) 
in the last 10 years 4 10 years ago (3652.5 days) 
more than 10 years ago 5 63 years ago (23010.75 days) 
Frequency 
(F) 
daily 2.5 every 1 day 
every few days 2.25 every 4 days 
weekly 2 every week (7 days) 
every few weeks 1.75 every 4 weeks (28 days) 
every few months 1.25 every 4 months (121.75 days) 
less often than every few 
months 1 every 3409.3� days 
Duration 
(D) n/a 
2.5 10 hours (600 minutes) 
2.25 3 hours (180 minutes) 
2 2 hours (120 minutes) 
1.75 1 hour (60 minutes) 
1.25 15 minutes 
1 1 minute 
 
Table 5.2 details the items that make up each familiarity score. There are fewer 
items in total for this study, since the control scheme did not require the use of 
buttons, leaving fewer distinct features to sample for exposure. Once again, the 
commercial availability of the items contributing to a GTF score naturally limits its 
maximum score. For example, all the relevant control devices have been available 
for various limited time periods, resulting in lower theoretical maximum scores for 
the different NMCI GTF scores than for TennisLife Familiarity. The descriptive 
statistics presented in Table 5.2 refer to the final sample that was analysed after data 
cleansing rather than the full sample (as detailed in section 5.3). Appendix B and 
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Appendix G provide the precise item descriptions and the supporting materials used 
in the GTF questionnaire. 
Table 5.2 
Item Descriptions & Weights for Each Familiarity Score, with Statistics for the 
Sample Range 
 Kinesic GTF Incomplete Tangible GTF 
Realistic Tangible 
GTF 
TennisLife 
Familiarity 
Actual device/activity 
(items with full weight) Kinect for 360 Move 
Move in a tennis 
racket shell  
Similar device/activity 
(items with 4/5 weight) 
Similar 
camera-based 
motion-control 
interface 
Similar wand-
based motion-
control interface 
Similarly 
realistic motion 
controller that 
you hold in your 
hand 
Played tennis in 
real life 
Similar feature/s from 
device/activity 
(items with 3/5 weight) 
   
Played a racket 
game similar to 
tennis in real life 
Theoretical max. score 17.5 16.9 18.3 25 
Max. score in sample 5.85 9.75 5.52 15.6 
Mean score in sample 1.17 2.64 1.82 4.08 
Standard Deviation for 
sample scores 1.27 1.99 1.47 2.42 
Cases of zero familiarity 
in sample 36 out of 120 11 out of 120 20 out of 120 
0 out of 120 
(min. score 
0.366) 
 
Each item score was calculated using the following formula (where TI = ‘initial 
time used’, TR = ‘most recent time used’, F = ‘average frequency of use’, and D = 
‘average session duration’): 
GTF item score = ((TI + 1) – TR) * (2 / TR) * ((F + D) / 2) 
Thus, the only change to the GTF formula used in Study One is that the ‘peak 
frequency’ factor was alternatively conceptualised as an ‘intensity’ factor, which 
averaged frequency and duration scores together. With this change, the formula and 
instrument arguably better operationalise the diversity of use/exposure that was 
captured in the original TF instrument, as well as accounting for a broader definition 
of exposure. Overall, the descriptive statistics suggest that familiarity was 
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operationalised and scored in a manner congruent with Study One. The consistency 
in formula and scoring ensured that once again, no familiarity was equal to a score of 
zero, and the highest theoretical familiarity score was 25. While the mean and 
maximum GTF scores in the Study Two sample are slightly lower than those seen in 
Study One, this can be attributed to the reduced pervasiveness of the items sampled. 
For example, since there was no GTF Score for a traditional control interface in 
Study Two, the NMCI GTF scores in this study are, understandably, generally lower. 
Likewise, playing tennis is not as pervasive an activity as driving a car. 
5.2.3 Using the GTF for Analysis 
The same approach to using the GTF scores for analysis used in Study One was 
applied in Study Two. Namely, the three GTF scores relating to each NMCI 
condition were both used as a repeated-measures dependent variable (called ‘NMCI 
GTF Score’) and summed together into a single grouped between-subject factor 
(called ‘Combined NMCI GTF’) to analyse the other measures. The final scores for 
TennisLife Familiarity were also grouped into three levels to operationalise this 
variable as a between-subject factor. 
5.2.4 Intuitive Use 
A single objective measure was captured to investigate the impact of the NMCI 
type on intuitive uses in Study Two: Successful Hit %. 
Successful Hit % 
All racket swings made by the player, as shown in the captured gameplay 
footage, were coded using The Observer XT (Noldus, 2011) as either successful or 
unsuccessful (see Table 5.3 for the coding scheme). A successful hit required 
accurate timing, orientation and swing force to ensure the virtual racket made contact 
with the ball with enough force for it to travel over the net. Successful hits were thus 
coded as all hits where the player was able to return the ball over the net. There were 
no cases of the player hitting the ball over the net and then the ball travelling outside 
the tennis court’s boundary, so it was assumed that the game automatically forces the 
ball to land within the court if it is successfully hit over the net. Unsuccessful hits 
were therefore all hits where the player either missed the ball completely, or the ball 
bounced off their racket, but there was not enough force in their swing for the ball to 
travel over the net. Serves were not included in the hit count, as these required no 
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accuracy or force for the player to be successful (i.e. it is not possible for the player 
to produce a ‘fault’—a serve that hits the net or lands outside the correct area of the 
court—since a successful serve animation is always triggered with variation 
according to the timing and level of force input through the serving motion). The 
number of successful hits was converted into a percentage of the total number of hit 
opportunities for this analysis. 
Table 5.3 
Coding Scheme for Successful Hit % 
In Game Event Coded As 
Racket swing connects with the 
ball, which goes over the net Successful Hit 
Racket swing connects with the 
ball, which fails to go over the net Unsuccessful Hit—Net 
Racket swing misses the ball Unsuccessful Hit—Miss 
 
5.3 RESULTS 
One hundred and twenty-five participants voluntarily took part in the repeated-
measures experiment, though the data of five participants has been excluded from 
analysis, which is explained below. For the remaining 120 participants (37 females 
and 83 males), age ranged from 17 to 62, with a mean age of 28.1 years (SD = 9.62). 
A series of mixed multi-factorial (two-way) ANOVAs and RM MANOVAs were 
conducted using the ‘Control Interface’ (Kinect, Move and RSM) as the within-
subjects factor. The five between-subject factors used in analysis were Gender in two 
groups; as well as Age, most hours of video games ever played in a single week 
(MostHours), Combined NMCI GTF and TennisLife Familiarity in three groups. The 
repeated-measures dependent variables were assessed for multicollinearity issues and 
were resultantly broken up into three distinct analysis sets to avoid any violations to 
this assumption. The first set contained the NMCI GTF Score as the dependent 
variable, which was assessed using only Age and Gender as between-subject factors. 
All remaining sets were assessed using all five between-subject factors, since 
independence between the dependent variables and between-subject factors was 
clear. The second set primarily contained variables related to the player experience 
(the Perceived Naturalness of CAM and Enjoyment/Satisfaction measures; Flow 
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from the SFSS; and Presence, Autonomy, Competence and Intuitive Controls from 
PENS). The final set contained the intuitive use measure, Successful Hit %. 
Descriptive analysis of player preferences was also conducted by compiling results 
for participants’ post-play favourite control device for playing the game. 
As with Study One, Wilks’ Lambda and a more conservative alpha level of p < 
.025 was used as the significance test for the multivariate and univariate ANOVA 
results. Additional results with an alpha level of p < .05 are also reported where the 
effect size, as measured by partial eta-squared, is medium or higher according to 
Cohen’s (1988) rule of thumb (i.e., ηp2 ≥ .06). A Bonferroni adjustment with an alpha 
level of p < .05 was applied for all post-hoc pairwise comparisons within each test 
(such that the total error rate remained at .05 within tests, yet varied between tests as 
a function of the number of variables). Only the differences that satisfy these 
significance requirements are reported in results. Appendix M details the descriptive 
statistics for the between-subject factors and their groups, as well the full mean and 
standard error results. 
The data for one participant were removed since they were unexpectedly 
unable to complete the experiment. No other missing values required intervention, as 
missing data was below the accepted threshold (Tabachnick & Fidell, 2013). 
Univariate outliers were identified by examining boxplots, and found in most cases 
to also align with multivariate outliers (identified through calculation of Mahalanobis 
distance) (Tabachnick & Fidell, 2013). Four participants from the oldest Age group 
were identified as extreme outliers across a wide range of dependent variable groups. 
Further investigation of observational notes revealed that for these cases, the 
researcher was either unsure of the participant’s commitment to the experiment or 
whether they fully understood the control interface instructions. These participants 
were also found to cause violations to assumptions of normality across a range of 
variables. For these reasons, the four outliers were removed from further analysis. 
Additional minor violations to the assumption of normality were accepted, since 
ANOVA is robust to violations of normality, and in all instances there are both more 
cases than dependent variables and more than 20 cases per cell (Tabachnick & Fidell, 
2013). The assumption of homogeneity of variance-covariance matrices was only 
violated for the player experience analysis set with MostHours as a between-subject 
factor, although group sizes were nearly equal, providing robustness to this violation 
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(Leech et al., 2005; Mayers, 2013). Implications for violations to the assumption of 
homogeneity of variance (as measured by Levene’s test of Equality of Error 
Variances) are detailed in footnotes within the analysis of each dependent variable 
below where they were observed to provide context to relevant results (Leech et al., 
2005; Tabachnick & Fidell, 2013). Violations to the assumption of sphericity are also 
highlighted within each relevant dependent variable, and in all cases were corrected 
with Greenhouse-Geisser adjustments. 
RM MANOVA Results 
RM MANOVAs conducted on the second set of variables (primarily related to 
the player experience) revealed a significant multivariate within-subjects effect of the 
Control Interface on the player experience (F(14, 104) = 9.61, p < .001, ηp2 = .564). 
The only significant multivariate interaction was observed between the Control 
Interface and Combined NMCI GTF (F(28, 208) = 1.8, p = .011, ηp2 = .195) for the 
player experience. Multivariate between-subject effects on the player experience 
were significant for Age (F(14, 222) = 2.07, p = .014, ηp2 = .116), Combined NMCI 
GTF (F(14, 222) = 2.45, p = .003, ηp2 = .134), MostHours (F(14, 222) = 3.51, p < 
.001, ηp2 = .181) and TennisLife Familiarity (F(14, 222) = 2.24, p = .007, ηp2 = .124). 
Step-down analyses for these multivariate effects, in cases where the univariate 
results also met the required alpha thresholds, is presented in the following results 
sections for relevant variables. 
5.3.1 NMCI GTF Score 
The mixed ANOVA for the NMCI GTF Score revealed a significant main 
effect of the Control Interface (F(2, 234) = 33.6, p < .001, ηp2 = .223), such that 
participants reported the highest familiarity with the Move (M = 2.64, SE = 0.18), 
followed by the RSM (M = 1.83, SE = 0.13, MOVE p < .001), and reported the lowest 
familiarity with Kinect (M = 1.16, SE = 0.12, MOVE p < .001, RSM p = .001). A 
between-subject effect was observed for Age (F(2, 117) = 7.63, p = .001, ηp2 = .115), 
such that the youngest group (M = 2.33, SE = 0.17) reported higher familiarity across 
control interfaces than the oldest group (M = 1.4, SE = 0.17, p < .001). 
5.3.2 Perceived Naturalness of CAM 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Perceived Naturalness of CAM with Combined NMCI GTF (W = .886, χ2 (2) = 
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14, p = .001) as a between-subject factor, and so a Greenhouse-Geisser adjustment (ε 
= .898) was used for its within-subjects analysis. Step-down analysis revealed a 
significant main effect of the Control Interface on Perceived Naturalness of CAM 
(F(1.8, 210) = 49.1, p < .001, ηp2 = .295), such that participants reported lower 
perceived Naturalness for Kinect (M = 3.6, SE = 0.12) than for the Move (M = 4.49, 
SE = 0.12, p < .001) or RSM (M = 4.68, SE = 0.11, p < .001). A between-subject 
effect with a medium effect size was observed for MostHours (F(2, 117) = 3.53, p = 
.032, ηp2 = .057); however, the Bonferroni-corrected pairwise comparisons were non-
significant (all p >= .061). 
5.3.3 Enjoyment/Satisfaction 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Enjoyment/Satisfaction with Combined NMCI GTF (W = .76, χ2 (2) = 31.8, p < 
.001) as a between-subject factor, and so a Greenhouse-Geisser adjustment (ε = .806) 
was used for its within-subjects analysis. Step-down analysis revealed a significant 
main effect of the Control Interface on Enjoyment/Satisfaction (F(1.61, 189) = 46.9, 
p < .001, ηp2 = .286), such that participants reported the highest perceived 
Enjoyment/Satisfaction with the RSM (M = 5.86, SE = 0.11), followed by the Move 
(M = 5.57, SE = 0.11, RSM p = .005), and reported the lowest perceived 
Enjoyment/Satisfaction with Kinect (M = 4.68, SE = 0.14, BOTH p < .001). A 
significant between-subject effect was observed for MostHours (F(2, 117) = 12.3, p 
< .001, ηp2 = .174), such that the high MostHours group (M = 4.76, SE = 0.15) 
reported lower perceived Enjoyment/Satisfaction across the control interfaces than 
the low (M = 5.66, SE = 0.15, p < .001) and middle (M = 5.69, SE = 0.15, p < .001) 
MostHours groups. 18 
5.3.4 Flow (SFSS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Flow with Combined NMCI GTF (W = .928, χ2 (2) = 8.63, p = .013) as a 
between-subject factor, and so a Greenhouse-Geisser adjustment (ε = .933) was used 
                                               
 
18 The between-subject effect of MostHours on Enjoyment/Satisfaction should be interpreted with 
some caution, as Levene’s test showed that the assumption of homogeneity of variance was violated 
for Move (F(2, 117) = 5.78, p = .004) and RSM (F(2, 117) = 6.35, p = .002), with MostHours as a 
between-subject factor. However, since group sizes are nearly equal for MostHours and variance is 
higher with the larger groups, the RM MANOVA should be robust to this violation. 
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for its within-subjects analysis. Step-down analysis revealed a significant main effect 
of the Control Interface on Flow (F(1.87, 218) = 44.8, p < .001, ηp2 = .277), such that 
participants reported the highest perceived Flow with the RSM (M = 4, SE = 0.05), 
followed by the Move (M = 3.85, SE = 0.05, RSM p = .008), and reported the lowest 
perceived Flow with Kinect (M = 3.49, SE = 0.05, BOTH p < .001). However, this 
effect was qualified by an interaction between Combined NMCI GTF and the 
Control Interface (F(3.73, 218) = 3.09, p = .019, ηp2 = .05) for Flow. A significant 
between-subject effect was observed for TennisLife Familiarity (F(2, 117) = 4.79, p 
= .01, ηp2 = .076), such that the high TennisLife Familiarity group (M = 3.9, SE = 
0.07) reported higher perceived Flow across the Control Interfaces than the middle 
(M = 3.6, SE = 0.07, p = .01) TennisLife Familiarity group. 
 
Figure 5.2. Flow for Control Interface by Combined NMCI GTF. 
The interaction between Combined NMCI GTF and the Control Interface 
(shown in Figure 5.2) revealed that all Combined NMCI GTF groups reported higher 
perceived Flow with the RSM (LOW M = 3.95; MIDDLE M = 4.06; HIGH M = 3.98; ALL 
SE = 0.09) than with Kinect (LOW M = 3.59, p = .001; MIDDLE M = 3.38, p < .001; HIGH 
M = 3.5, p < .001; ALL SE = 0.09). However, only the higher NMCI GTF groups 
reported higher perceived Flow with the Move (MIDDLE M = 3.81; HIGH M = 3.99; ALL 
SE = 0.09) than with Kinect (BOTH p < .001). Conversely, only the lower NMCI GTF 
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groups reported higher perceived Flow with the RSM than with the Move (LOW M = 
3.74, p = .033; MIDDLE p = .012).19 
5.3.5 Presence (PENS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Presence with Combined NMCI GTF (W = .778, χ2 (2) = 29.2, p < .001) as a 
between-subject factor, and so a Greenhouse-Geisser adjustment (ε = .818) was used 
for its within-subjects analysis. Step-down analysis revealed a significant main effect 
of the Control Interface on Presence (F(1.54, 191) = 26.6, p < .001, ηp2 = .185), such 
that participants reported the highest perceived Presence with the RSM (M = 4.44, SE 
= 0.12), followed by the Move (M = 4.28, SE = 0.12, RSM p = .01), and reported the 
lowest perceived Presence with Kinect (M = 3.92, SE = 0.12, BOTH p < .001). A 
significant between-subject effect was observed for MostHours (F(2, 117) = 8.28, p 
< .001, ηp2 = .124), such that the high MostHours group (M = 3.61, SE = 0.18) 
reported lower perceived Presence across the Control Interfaces than the low (M = 
4.49, SE = 0.18, p = .002) and middle (M = 4.53, SE = 0.18, p = .002) MostHours 
groups. An additional between-subject effect with a rounded medium effect size was 
also observed for Age (F(2, 117) = 3.54, p = .032, ηp2 = .057); however, the 
Bonferroni-corrected pairwise comparisons were non-significant (all p >= .063). 
5.3.6 Autonomy (PENS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Autonomy with Combined NMCI GTF (W = .942, χ2 (2) = 6.92, p = .031) as a 
between-subject factor, and so a Greenhouse-Geisser adjustment (ε = .945) was used 
for its within-subjects analysis. Step-down analysis revealed a significant main effect 
of the Control Interface on Autonomy (F(1.89, 221) = 20.3, p < .001, ηp2 = .148), 
such that participants reported lower perceived Autonomy with Kinect (M = 3.79, SE 
= 0.13) than the Move (M = 4.18, SE = 0.12, p < .001) or RSM (M = 4.36, SE = 0.13, 
p < .001). A significant between-subject effect was observed for Combined NMCI 
GTF (F(2, 117) = 4.29, p = .016, ηp2 = .068), such that the low Combined NMCI 
group (M = 4.54, SE = 0.2) reported higher perceived Autonomy across the Control 
                                               
 
19 The effects of Combined NMCI GTF on Flow should be interpreted with some caution, as Levene’s 
test showed that the assumption of homogeneity of variance was violated for the RSM (F(2, 117) = 
3.67, p = .028), with Combined NMCI GTF as a between-subject factor. However, since group sizes 
are equal for Combined NMCI GTF, the RM MANOVA should be robust to this violation. 
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Interfaces than the middle Combined NMCI group (M = 3.73, SE = 0.2, p = .013)20. 
A significant between-subject effect was also observed for MostHours (F(2, 117) = 
7.3, p = .001, ηp2 = .111), such that the high MostHours group (M = 3.51, SE = 0.19) 
reported lower perceived Autonomy across the Control Interfaces than the low (M = 
4.42, SE = 0.19, p = .003) and middle (M = 4.4, SE = 0.19, p = .005) MostHours 
groups. An additional between-subject effect with a medium effect size was also 
observed for Age (F(2, 117) = 3.43, p = .036, ηp2 = .055); however, the Bonferroni-
corrected pairwise comparisons were non-significant (all p >= .067). 
5.3.7 Competence (PENS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Competence with Combined NMCI GTF (W = .896, χ2 (2) = 12.7, p = .002) as a 
between-subject factor, and so a Greenhouse-Geisser adjustment (ε = .906) was used 
for its within-subjects analysis. Step-down analysis revealed a significant main effect 
of the Control Interface on Competence (F(1.81, 212) = 53.3, p < .001, ηp2 = .321), 
such that participants reported the highest perceived Competence with the RSM (M = 
5.2, SE = 0.11), followed by the Move (M = 4.83, SE = 0.12, RSM p = .001), and 
reported the lowest perceived Competence with Kinect (M = 3.99, SE = 0.13, BOTH p 
< .001). However, this effect was qualified by an interaction between Combined 
NMCI GTF and the Control Interface (F(1.7, 201) = 4.53, p = .016, ηp2 = .037) for 
Competence. A significant between-subject effect was observed for MostHours (F(2, 
117) = 5.22, p = .007, ηp2 = .082), such that the middle MostHours group (M = 5.08, 
SE = 0.16) reported higher perceived Competence across NMCIs than the high 
MostHours group (M = 4.36, SE = 0.16, p = .006)21. An additional between-subject 
effect with a rounded medium effect size was also revealed for TennisLife 
Familiarity (F(2, 117) = 3.43, p = .036, ηp2 = .055), such that the high TennisLife 
Familiarity group (M = 5.01, SE = 0.16) reported higher perceived Competence 
                                               
 
20 The between-subject effects of Combined NMCI GTF on Autonomy should be interpreted with 
some caution, as Levene’s test showed that the assumption of homogeneity of variance was violated 
for the RSM (F(2, 117) = 3.65, p = .029), with Combined NMCI GTF as a between-subject factor. 
However, since group sizes are equal for Combined NMCI GTF, the RM MANOVA should be robust 
to this violation. 
21 The between-subject effects of MostHours on Competence should be interpreted with some caution, 
as Levene’s test showed that the assumption of homogeneity of variance was violated for Move (F(2, 
117) = 3.65, p = .029), with MostHours as a between-subject factor. However, since group sizes are 
nearly equal for MostHours and variance is higher with the larger groups, the RM MANOVA should 
be robust to this violation. 
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across NMCIs than the low TennisLife Familiarity group (M = 4.44, SE = 0.16, p = 
.041). 
 
Figure 5.3. Competence for Control Interface by Combined NMCI GTF. 
For the interaction between Combined NMCI GTF and the Control Interface 
for Competence (shown in Figure 5.3), step-down analysis revealed that all groups 
reported higher perceived Competence with the RSM (LOW M = 5.02; MIDDLE M = 
5.31; HIGH M = 5.28; ALL SE = 0.19) than with Kinect (LOW M = 4.34, p = .012; MIDDLE 
M = 3.93, p < .001; HIGH M = 3.69, p < .001; ALL SE = 0.22). However, only the 
higher NMCI GTF groups reported higher perceived Competence with the Move 
(MIDDLE M = 4.85; HIGH M = 5.12; ALL SE = 0.2) than with Kinect (BOTH p < .001). 
Conversely, only the lower NMCI GTF groups reported higher perceived 
Competence with the RSM than the Move (LOW M = 4.53, p = .017; MIDDLE p = .026). 
5.3.8 Intuitive Controls (PENS) 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for perceived Intuitive Controls with Combined NMCI GTF (W = .911, χ2 (2) = 10.8, 
p = .004) as a between-subject factor, and so a Greenhouse-Geisser adjustment (ε = 
.918) was used for its within-subjects analysis. Step-down analysis revealed a 
significant main effect of the Control Interface on Intuitive Controls (F(1.84, 215) = 
36.5, p < .001, ηp2 = .238), such that participants reported the highest perceived 
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Intuitive Controls with the RSM (M = 5.81, SE = 0.09), followed by the Move (M = 
5.52, SE = 0.1, RSM p = .005), and reported the lowest perceived Intuitive Controls 
with Kinect (M = 4.92, SE = 0.12, BOTH p < .001). However, this effect was qualified 
by an interaction between Combined NMCI GTF and the Control Interface (F(1.7, 
201) = 4.53, p = .016, ηp2 = .037) for Intuitive Controls (shown in Figure 5.4). 
 
Figure 5.4. Intuitive Controls for Control Interface by Combined NMCI GTF. 
Step-down analysis revealed that all Combined NMCI GTF groups reported 
higher perceived Intuitive Controls with the RSM (LOW M = 5.73; MIDDLE M = 5.89; 
HIGH M = 5.83; ALL SE = 0.15) than with Kinect (LOW M = 5.14, p = .008; MIDDLE M = 
4.48, p < .001; HIGH M = 5.13, p = .001; ALL SE = 0.21). Only the higher NMCI GTF 
groups reported higher perceived Intuitive Controls with the Move (MIDDLE M = 5.53; 
HIGH M = 5.8; ALL SE = 0.18) than with Kinect (MIDDLE p < .001, HIGH p = .005). 
Conversely, the low NMCI GTF group were the only group that reported higher 
perceived Intuitive Controls with the RSM than the Move (M = 5.23, p = .007). 
5.3.9 Successful Hit %—Intuitive Use 
Mauchly’s Test indicated that the assumption of sphericity had been violated 
for Successful Hit % with Gender (W = .826, χ2 (2) = 22.3, p < .001) as a between-
subject factor, and so a Greenhouse-Geisser adjustment (ε = .852) was used for its 
within-subjects analysis. A significant main effect of the Control Interface on 
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Successful Hit % was revealed (F(1.7, 201) = 94.6, p < .001, ηp2 = .445), such that 
participants performed best with the RSM (M = 90.2, SE = 0.53), followed by the 
Move (M = 85.3, SE = 0.72, BOTH p < .001), and performed worst with Kinect (M = 
78.8, SE = 0.8, BOTH p < .001). However, this effect was qualified by an interaction 
between Gender and the Control Interface (F(1.7, 201) = 4.53, p = .016, ηp2 = .037) 
for Successful Hit %. This interaction also qualified a between-subject effect of 
Gender on Successful Hit % (F(1, 118) = 6.63, p = .011, ηp2 = .053), such that males 
(M = 85.5, SE = 0.52) performed better across the NMCIs than females (M = 83.1, 
SE = 0.77).  
 
Figure 5.5. Successful Hit % for Control Interface by Gender. 
For the interaction between Gender and the Control Interface for Successful 
Hit % (shown in Figure 5.5), step-down analysis revealed that the significant simple 
main effects between the Control Interfaces were the same for both genders. Namely, 
the Successful Hit % scores were significantly higher for the RSM (MALE M = 90.6, 
SE = 0.59; FEMALE M = 89.3, SE = 0.89) than they were for the Move (MALE M = 85.5, 
SE = 0.8, p < .001; FEMALE M = 85, SE = 1.2, p = .002) or Kinect (MALE M = 80.4, SE 
= 0.89, p < .001; FEMALE M = 75, SE = 1.34, p < .001), and results for the Move were 
also significantly higher than for Kinect (BOTH p < .001). A significant simple effect 
between genders was also revealed for the Kinect condition only, such that males 
performed better than females (p = .001). Between-subject effects on Successful Hit 
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% with medium effect sizes were also revealed for both Age (F(2, 117) = 3.72, p = 
.027, ηp2 = .06) and Combined NMCI GTF (F(2, 116) = 3.79, p = .025, ηp2 = .061). 
These effects revealed that the youngest group (M = 86.3, SE = 0.74) performed 
better than the oldest group (M = 83.5, SE = 0.75, p = .026), and that participants in 
the high NMCI GTF group (M = 86.3, SE = 0.75) performed better than those in the 
low NMCI GTF group (M = 83.5, SE = 0.75, p = .023).22 
5.3.10 Player Preferences for the Control Interfaces 
Descriptive analysis on player preference data (post-play favourite control 
interface for playing Virtua Tennis 4 (Sega, 2011)) was undertaken for the overall 
sample. The RSM was by far the most preferred control interface for playing, with 
63.3% (N = 76) of the sample selecting it as their favourite controller. The Move was 
the second most preferred control interface for playing the game, selected as the 
favourite controller by 30.8% (N = 37) of the sample. The lowest preference statistics 
were observed for Kinect, with just 5.83% (N = 7) of the sample selecting it as their 
favourite control interface to play the game. Appendix N presents a full breakdown 
of preference results for each between-subject factor group. 
5.4 DISCUSSION 
5.4.1 NMCI GTF Score 
The main effect shown for the NMCI GTF Score was such that participants 
indicated the highest familiarity relevant to the Move, followed by the RSM and 
finally the Kinect. That participants reported the highest familiarity relevant to Move 
overall is not surprising given the popularity and pervasiveness of similar wand-
based controllers such as the Wiimote. Only 13 participants (out of 120) reported 
never having used similar wand-based motion controls such as the Wiimote, and the 
mean familiarity score for that item was descriptively higher than any of the other 
NMCI GTF items sampled. The Wii is likely to be partly responsible for the higher 
reported levels of familiarity with the RSM compared with Kinect, given the 
popularity of Wii Sports (Nintendo EAD, 2006), which was a catalyst for the 
                                               
 
22 The between-subject effects of Age and Combined NMCI GTF on Successful Hit % should be 
interpreted with some caution, as Levene’s test showed that the assumption of homogeneity of 
variance was violated for Kinect (F(2, 117) = 3.09, p = .049) and the RSM (F(2, 117) = 6.61, p = 
.002), with Age as a between-subject factor, and also for the RSM with Combined NMCI GTF (F(2, 
117) = 5.13, p = .007) as a between-subject factor. However, since group sizes are nearly equal for 
Age and equal for Combined NMCI GTF, the mixed ANOVAs should be robust to these violations. 
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production and sales of plastic shells (similar to the racket shell used in the study) at 
games retailers. No participants reported that they had used the actual RSM, so GTF 
levels for the RSM were completely dependent on familiarity with similarly realistic 
motion-control, handheld interfaces (such as the Wiimote in a shell or arcade light 
gun/sword games). In most cases, gamers are more likely to have used generic wand-
based motion controls (since using more realistic controls would require additional 
attachments or a trip to the arcade), explaining the higher levels of familiarity seen 
for the incomplete tangible NMCI (Move) compared with the realistic tangible 
equivalent (RSM). 
While sales for Kinect made it the fastest selling consumer electronics device 
of all time after its launch (Weinberger, 2015), it appears that sustained and frequent 
use of the interface (or its camera-based predecessors) was not common in the 
population (at least compared with tangible motion-control interfaces). For the GTF 
item measuring familiarity with the actual control interface, more participants used 
Kinect compared with either the Move or RSM (70 of 120 participants reported that 
they had used Kinect compared with 30 for the Move and zero for the RSM). As 
such, the reduced familiarity observed for Kinect seems to reflect reduced length and 
intensity of exposure compared with wand-based motion controls. This suggests that 
tangible motion controls are more widely supported or enjoyed by the broader 
population than camera-based motion controls, although sales numbers (and in turn 
the pervasiveness) of the relevant control interface systems should also be 
considered. For example, Microsoft is reported to have sold around 29 million Kinect 
systems for 360 and XB1(Weinberger, 2015), compared with over 101 million Wii 
systems sold worldwide to date (Nintendo, 2016a). 
The between-subject effect of Age, which showed that the youngest group had 
higher familiarity across the NMCIs than the oldest group, is also unsurprising given 
the statistics for gameplay behaviour in the broader population. This includes higher 
ratios of younger gamers compared with older gamers, and younger gamers also 
playing more frequently than older gamers (Brand & Todhunter, 2015). 
5.4.2 Perceived Naturalness of CAM 
A main effect was revealed for Perceived Naturalness of CAM, such that 
participants reported lower perceived Naturalness for Kinect than for the Move or 
RSM. Broadly, the more naturally mapped control interfaces were recognised as 
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having higher levels of naturalness, supporting results from existing research (Abeele 
et al., 2013; McGloin et al., 2015, 2011; Schmierbach et al., 2012; Skalski et al., 
2011). Since only Kinect showed a difference from the other two control interfaces, 
it is possible that limitations related to natural mapping or control 
fidelity/responsiveness might have limited perceptions of Kinect’s naturalness. While 
certain control actions, such as moving on the court or serving, have the potential to 
feel more natural with Kinect given its ability to capture full body movements, 
Kinect’s inability to provide one-to-one mapping for the primary control actions of 
moving the racket to hit the ball might explain the main effect. Similarly, 
technological limitations around image recognition and sampling rates might also 
have led to broad perceptions that Kinect offered less natural controls than either the 
Move or RSM. Nevertheless, Kinect’s classification as the lowest NMCI type in this 
study, due to its lack of a tangible element in the control interface, appears to be 
reinforced by these results. 
Since the perceived Naturalness measure used in this study focused on 
differences in how the control actions were mapped, this might explain why no 
difference was found between the RSM and Move (which used the same control 
action mappings and only featured differences in aesthetics and form). Less 
familiarity (GTF) with the more realistic RSM, compared with Move, might have 
also limited perceptions of its naturalness. This result seems to undermine the theory 
that perceptions of racket rotation were substantially clearer with the RSM than with 
the Move (discussed in section 5.4.9), potentially influencing performance and the 
broader player experience. Consequently, the increased level of natural mapping (in 
this case a more realistic look and feel) in the RSM compared with Move is the more 
obvious explanation for the differences shown between these NMCIs across most of 
the player experience measures. 
5.4.3 Enjoyment/Satisfaction 
A main effect was revealed for the Enjoyment/Satisfaction measure, such that 
Enjoyment/Satisfaction was reported to be highest with the RSM, followed by the 
Move, and lowest with Kinect. This suggests that higher levels of natural mapping in 
the control interfaces broadly elicited a more positive response from participants. 
This is consistent even where the difference in categorisation for the NMCI type was 
whether the tangible control interface had the look and feel of the equivalent real-life 
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interface or not (i.e. the RSM compared with the Move). While no other study that 
has measured enjoyment has made this type of comparison between NMCI types 
before, other NMCI research broadly supports the notion that more naturally mapped 
controls lead to higher enjoyment (Birk & Mandryk, 2013; E. P. Downs & Oliver, 
2016; McGloin et al., 2011; Skalski et al., 2011). Where research found either no 
difference or the opposite to be true (e.g. Kinect higher than Move) there were also 
substantial differences between game conditions beyond the NMCI type (Isbister et 
al., 2011; Limperos et al., 2011; Shafer et al., 2011). 
The only player characteristics result shown for Enjoyment/Satisfaction was a 
between-subject effect for MostHours, such that the high MostHours groups reported 
lower perceived Enjoyment/Satisfaction across the NMCIs than the low and middle 
MostHours groups. This appears to reflect some level of discontent felt by the high 
MostHours group, which included participants who played video games between 50‒
134 hours in the week that they played video games the most in their life. This group 
therefore represents the most hardcore (and likely traditional) gamers in the sample, 
who might have a pre-formed bias against motion-control interfaces and the types of 
NMCIs used as stimulus. Aversion to motion controls in the gaming community 
might therefore be most strongly felt among these hardcore traditional players, 
regardless of their level of actual exposure to motion controls (measured with 
Combined NMCI GTF, for which no effect was shown). The high MostHours group 
might also have simply disliked the game genre or mode, perhaps preferring more 
complex game mechanics or different settings (e.g. fantasy or military contexts). 
Alternatively, this hardcore group of gamers could simply be less susceptible to the 
supposed ‘novelty’ effect of motion controls, which might have provided a positive 
boost to the player experience for more casual players in the sample. 
5.4.4 Flow (SFSS) 
The main effect showing that Flow differences followed natural mapping levels 
in the control interfaces, with RSM higher than the Move and the Move higher than 
Kinect, was qualified by an interaction with Combined NMCI GTF (shown in Figure 
5.2). The interaction revealed that all groups reported higher Flow with RSM than 
with Kinect, but only the higher Combined NMCI GTF groups reported more Flow 
with the Move than with Kinect, and only the lower Combined NMCI GTF groups 
reported more Flow with the RSM than with the Move. Broadly, more naturally 
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mapped controls appeared to facilitate higher levels of psychological engagement 
with the game, as measured by Flow. For those with less experience using similar 
control interfaces, only a realistic tangible NMCI offered significant Flow gains 
compared with the other motion controllers. It appears that the realistic tangible 
NMCI helped to complete the mental model of the activity in question for these 
players, offering a more realistic gaming experience with greater balance between 
challenge and skill. For players more experienced with these motion controls, 
however, the addition of a plastic shell or more literal mental model matching was 
unnecessary; tangibility in either form (incomplete or realistic) supported higher 
Flow. With greater experience with similar control interfaces, form and aesthetic 
differences alone appear to have little impact on these players. 
The between-subject effect of TennisLife Familiarity on Flow was such that 
the high TennisLife group reported more Flow across the NMCIs than the middle 
TennisLife group. Descriptively, the high TennisLife Familiarity group reported 
higher Flow across NMCIs than both of the other TennisLife groups. This makes 
some sense in that those who possess high familiarity with equivalent real-life 
activities might appreciate (and more easily engage with) controls that attempt to 
replicate the movements of the activity they consistently engage with. The novelty of 
engaging with a simulated version of a preferred physical activity in this way might 
make an optimal psychological response more accessible. The high TennisLife group 
might also be more forgiving of any discrepancies in mental model matching 
presented by the control interface (although arguably, this could also make them 
even more critical). 
5.4.5 Presence (PENS) 
The main effect of the Control Interface on Presence reflects the original 
ordering and hypothesised effects in the NMCI typology (Skalski et al., 2011), such 
that a realistic tangible NMCI (RSM) supported greater perceived Presence than an 
incomplete tangible NMCI (Move), which in turn supported greater perceived 
Presence than a kinesic NMCI (Kinect). This suggests that changing the physical 
characteristics of the control interface (without changing the mapping of control 
actions or supportive technology) is enough to significantly impact perceptions of 
transportation. That is, the physical characteristics of the racket shell the Move was 
attached to (in the RSM condition) facilitated significantly increased feelings of 
 148 Chapter 5 Study Two—NMCIs in a Tennis Video Game 
Presence for participants. While it is possible to argue for indirect effects based on 
the way those physical attributes potentially supported improved performance (for 
example, by guiding racket rotation, as discussed in section 5.4.9), the more obvious 
argument is that the RSM’s more realistic appearance and form made participants 
feel as though they were more connected to or involved in the game. Similarly, the 
lack of a tangible object to grasp in the Kinect condition seems to have inhibited 
feelings of Presence compared with the Move and RSM. 
The between-subject effect observed for MostHours, such that the high 
MostHours group reported lower Presence than the low and middle MostHours 
groups, further supports the arguments made (in section 5.4.3) for this factor’s effect 
on the player experience. The high MostHours group might be averse to using 
motion controls, prefer other types of games or be immune to their novelty effect; 
subsequently causing them to report a less positive player experience across NMCIs. 
5.4.6 Autonomy (PENS) 
The main effect observed for Autonomy revealed that participants reported 
higher perceived Autonomy with the Move and RSM than with Kinect. This suggests 
that the more naturally mapped control interfaces generally offered greater perceived 
freedom of choice within the game environment. While the physical characteristics 
that make the Move and RSM more naturally mapped, such as their tangibility and 
shape, might have broadly contributed to this result, the increased fidelity of control 
recognition present in the Move might have played a larger role. That is, the 
additional recognition of wrist movements by the Move (movements that are mapped 
to racket rotation in the game) might be responsible for this increased sense of 
Autonomy. This is supported by the lack of a difference between the Move and RSM 
conditions for both Autonomy and Perceived Naturalness of CAM, as both interfaces 
relied on the same underlying technology and mapped control actions in the same 
way. Conversely, Kinect lacked both the tangible component and the additional 
recognition it facilitated, and arguably also offered less precision and reliability with 
overall movement recognition. In turn, the perceptions of Autonomy that Kinect 
facilitated were more limited across the sample. 
The between-subject effect for MostHours, such that the high MostHours 
group reported less perceived Autonomy across NMCIs than the low and middle 
groups, is again likely explained by the hardcore aversion and casual novelty 
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arguments proposed at the end of section 5.4.3. The between-subject effect observed 
for Combined NMCI GTF, such that the low-familiarity group reported higher 
perceived Autonomy across NMCIs than the middle group, is more difficult to 
interpret. It is possible that the low Combined NMCI GTF group experienced more 
of a novelty effect across interfaces, while the high Combined NMCI GTF group 
found the motion controls they are passionate about also satisfied their psychological 
needs. This would leave the middle Combined NMCI GTF group lacking rationale 
for a positive boost in Autonomy, and is supported by the descriptive results for these 
groups for Autonomy and other player experience variables. However, since these 
differences are not statistically significant, they should be interpreted with caution. 
5.4.7 Competence (PENS) 
The main effect for Competence showed that participants reported the highest 
Competence with the RSM, followed by the Move, and reported the least 
Competence with Kinect. This accurately reflects the main effect shown for 
Successful Hit %, reinforcing Competence as a measure of perceived performance, 
and higher natural mapping as facilitating greater need satisfaction. However, for 
Competence, this effect was qualified by an interaction (shown in Figure 5.3), which 
revealed that only the middle Combined NMCI GTF group reported the same 
differences between all three NMCIs. The low Combined NMCI GTF group only 
reported higher Competence with the RSM than with Kinect and the Move, whereas 
the high Combined NMCI GTF group only reported less Competence with Kinect; 
no difference was shown between the Move and RSM. Since this pattern of effects is 
almost identical to those reported for Flow (as discussed in Section 5.4.4), similar 
conclusions are warranted. For the low Combined NMCI GTF group, having the 
physical representation of the racket seemed to help complete the mental model for 
the activity and improve the players’ perceptions of Competence. Conversely, the 
mental abstraction required for the incomplete tangible (Move) and non-tangible 
(Kinect) interfaces might have made the activity feel too dissimilar from the real-life 
game of tennis, leading to similarly low levels of Competence for these interfaces. 
For the high Combined NMCI GTF group, however, it is reasonable to expect that 
they were more aware of there being no technological differences between the Move 
and RSM, and that these interfaces supported equally high levels of control fidelity 
compared with Kinect. Their increased familiarity meant that they were already 
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proficient in making up for any mental or performance gaps posed by the incomplete 
tangible interface (Move), and as such only reported differences related to control 
fidelity (with Kinect as less than the Move and RSM). 
Those with high TennisLife Familiarity reported feeling more competent 
across control interface conditions than those with little similar real-life experience. 
That naturally mapped motion controls created the perception that real-life skills 
could translate into more effective play is unsurprising. However, an unexpected 
result is that this effect was limited to perceptions of performance, since TennisLife 
Familiarity showed no similar effect on Successful Hit %. In other words, 
participants who acted based on assumptions about the mental model or physical 
movements of real-life tennis felt less competent, yet were just as effective at the 
game as those who had a more realistic mental model. This suggests that the 
physicality of the game controls creates this perception without actually recognising 
these skills via a marked impact on objective performance measures or intuitive use. 
The between-subject effect of MostHours on perceived Competence, such that 
the high MostHours group reported lower Competence across NMCIs than the 
middle MostHours group, continues the trend shown for Enjoyment, Presence and 
Autonomy. Descriptively, the high MostHours group reported lower Competence 
across NMCIs than any other group, offering further support for the hardcore 
aversion and casual novelty arguments discussed in section 5.4.3. 
5.4.8 Intuitive Controls (PENS) 
The main effect for perceived Intuitive Controls, which showed that 
participants reported the RSM as the most intuitive control interface, followed by the 
Move and then Kinect, was qualified by an interaction between Combined NMCI 
GTF and the Control Interface (shown in Figure 5.4) with similar trends to those 
revealed for perceived Flow and Competence. Namely, while all groups reported that 
the RSM was more intuitive than Kinect, only the higher Combined NMCI GTF 
groups reported the Move as having more Intuitive Controls than Kinect, and only 
the low Combined NMCI GTF group reported the RSM as more intuitive than the 
Move. Thus, control interfaces with higher natural mapping were generally perceived 
as more intuitive, yet the NMCI characteristics determined the point at which those 
with different levels of control interface familiarity perceived it as such. As 
explained in the discussion of results for perceived Flow and Competence (sections 
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5.4.4 and 5.4.7), the characteristics of tangibility, realism (form and aesthetics) and 
control fidelity appear to have influenced these perceptions. For those with more 
control interface familiarity, tangibility and an increase in control fidelity (Move 
over Kinect) was enough to facilitate perceptions that controls were more intuitive, 
yet for low GTF players, realism (RSM over Move) was also required for this boost 
to perceptions of intuitiveness. Mental model matching, along with relevant 
familiarity, thus appears to play an important role in perceptions of intuitive use. 
Similar experiences (GTF) might be driving perceptions of intuitiveness for players 
with high familiarity, while low-familiarity players might rely more on greater 
realism in the NMCI to match their mental model for the activity. However, results 
also suggest that natural mapping plays an important role overall, potentially 
counteracting lower relevant familiarity (NMCI GTF scores) with the RSM 
(compared with the Move) to facilitate higher perceptions of intuitive use. This 
appears to be especially true for players with less overall control interface familiarity, 
though more naturally mapped controls generally supported higher perceived 
intuitive use across the whole sample. 
5.4.9 Successful Hit %—Intuitive Use 
The main and simple main effects shown for Successful Hit % revealed that 
intuitive use was highest with the RSM, followed by the Move, and lowest with 
Kinect. The differences between Kinect and the other conditions for Successful Hit 
% correspond with the differences observed for the NMCI GTF Score, further 
supporting GTF’s utility as a predictor of intuitive use. However, participants 
reported higher levels of familiarity relevant to the Move than the RSM—yet 
intuitive use was higher with the RSM, even though both control interfaces used the 
same underlying technology to capture player movements and map them to control 
actions. This discrepancy could be explained by the RSM also leveraging familiarity 
relevant to the Move for intuitive interaction, since the control interfaces are similar 
and relevant knowledge could be classed in the same domain (Blackler, 2008). 
However, intuitive use outcomes might also have been stronger for the RSM due to 
the higher levels of natural mapping in the control interface (namely its more realistic 
appearance and feel). The more naturally mapped control interfaces likely better 
complete the mental model of a tennis racket for players, supporting movements 
more in line with the equivalent real-life activity (Skalski et al., 2011). The Move 
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offers a more complete mental model than Kinect (with the wand mapping to the 
racket’s handle) and the RSM offers a more complete mental model than both the 
Move and Kinect. Results for Successful Hit % therefore support the idea that higher 
correspondence between the conceptual and physical characteristics of a mapped 
interface can support a stronger performance and higher levels of intuitive 
interaction. However, additional factors might have also influenced these results. 
As discussed in section 5.4.6, wrist movements altering the Move’s 3D rotation 
were captured and mapped to rotation of the virtual racket head in the Move and 
RSM conditions. During RSM play, the racket head rotation was represented both 
virtually on screen (when visible during play) and physically (in the participant’s 
hand). For the Move condition, tracking racket rotation was much more difficult 
(although still possible) without the physical racket head; participants could check 
the virtual racket when it appeared on screen, yet rotation was less clear based solely 
on the Move’s physical position. Thus, the RSM’s physical attributes might have 
helped participants cope better with the increased control fidelity of the Move, 
although these same attributes also classify it as a more naturally mapped control 
interface than the Move. It is therefore difficult (and arguably impossible) to separate 
the factors that contributed to this result for the RSM (e.g. clearer feedback or higher 
natural mapping). What is clear is that the RSM’s physical characteristics provided a 
perceptual benefit that improved intuitive use. 
The result for Kinect also suggests additional implications regarding the 
relationship between natural mapping, motion capture technologies and intuitive use. 
The lack of a tangible object to grasp, representing the virtual object controlled in the 
game, presented an incomplete mapping of the mental model for the equivalent real-
life activity and tool. This reduced natural mapping provides sufficient explanation 
for the performance results observed for Kinect, although the use of a different 
technology to map player movements to control actions potentially confounds the 
precise source of the differences shown. For the Kinect condition, a successful hit 
was based on the timing, velocity and orientation (in terms of forehand or backhand) 
of the swing of the player’s dominant hand. While Kinect tracked the player’s whole 
body and did not require correct racket head rotation, potentially resulting in better 
mapping of movement around the court and a lower challenge level, finer motions 
such as wrist movements, arguably more important for a successful hit in tennis, 
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were not tracked. Furthermore, environmental factors (such as lighting or clothing) 
can influence Kinect’s tracking success, along with the frame rate and image 
processing of its motion detecting cameras. While the experiment design aimed to 
control environmental factors as much as possible, these technological limitations 
could have influenced the results observed for the Kinect condition to some extent. It 
is possible that more advanced sensor technology (as seen in newer camera-based 
control interfaces) would support a relatively improved performance in the same 
gameplay settings. No motion-control interface is perfect, however, and the 
PlayStation Move might have also suffered from tracking errors. Broad capture of 
body movements using a non-tangible camera-based interface is the definable 
attribute of the kinesic NMCI type (Skalski et al., 2011). As such, it is difficult to 
separate these tracking fidelity issues from the characteristics that define Kinect as 
this type of NMCI. Regardless, the intuitive use differences shown for Kinect reflect 
its NMCI GTF Score and reinforce its position on the NMCI typology. 
Some of the between-subject effects observed for Successful Hit % further 
support GTF’s ability to predict intuitive use. The youngest Age group showed a 
higher NMCI GTF Score and in turn a higher Successful Hit % across conditions 
than the oldest group. Similarly, the high Combined NMCI GTF group performed 
better across NMCIs than the group with the lowest control interface familiarity. The 
GTF measure, therefore, appears to have targeted the previous experiences relevant 
to intuitive use or performance with the NMCIs in this study. By comparison, no 
effect was revealed for MostHours, suggesting that general or traditional measures of 
previous gaming experience might be inadequate for predicting intuitive use, 
especially for a broader population including non-gamers or casual players. 
One result that contrasts between the NMCI GTF Score and Successful Hit %, 
however, is the interaction effect for Gender (shown in Figure 5.5) that revealed 
males performed better with Kinect than females. It is possible that this difference 
only shows up with Kinect due to its reduced natural mapping, since higher natural 
mapping has been shown to provide a compensatory or equalising effect in this 
research programme. Some support for this interpretation is offered by Abeele et 
al.’s (2013) racing game study, where the effect that males generally performed 
better than females was also shown to be greater for the traditional (less natural) 
control interface. An alternative explanation is that males in the sample were able to 
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better visualise the movements required by the game without the support of a 
tangible object to grasp, since some gender differences in spatial cognition are 
generally accepted (Feng, Spence, & Pratt, 2007). This is supported by research that 
shows that males have faster response times for tasks involving mental rotation of 3D 
objects than females (Robert & Chevrier, 2003), and would explain why no such 
differences were found for the Move or RSM (which have a tangible object to 
support visualisation). This would also explain why this difference between genders 
was not shown in results for the NMCI GTF Score, since it is potentially based on 
the impact of cognitive differences rather than familiarity levels. 
5.4.10 Player Preferences 
The preference results revealed that the RSM was selected as the favourite 
control interface by a strong majority of the overall sample (63.3%), followed by the 
Move, which was selected as favourite by just over 30% of the overall sample. 
Kinect was selected as the favourite control interface by a small minority of the 
sample (under 6%; just seven participants). These results are congruent with the 
broad trends across the player experience results, which were more positive for the 
control interfaces with higher levels of natural mapping. This suggests that players 
prefer more natural controls that facilitate a more positive player experience, even 
when they have higher familiarity with a control interface that has less natural 
mapping (as with the Move over the RSM). Lower familiarity with Kinect, as shown 
by the NMCI GTF Score, could have contributed to it being less preferred. However, 
it would seem that the relatively negative player experience and preference results 
for Kinect were largely informed by its lower levels of natural mapping, and 
potentially also by some of its technological limitations, as previously discussed. 
5.5 STUDY TWO SUMMARY AND CONCLUSIONS 
The following subsections summarise the findings related to each of the main 
research questions. Section 5.5.1 discusses the findings for the influence of NMCIs 
on the player experience (RQ1), while Section 5.5.2 focuses on the findings related 
how the NMCIs influenced intuitive interaction (RQ2). Both summaries also reflect 
on how player characteristics influenced these results (RQ3). Section 5.5.3 presents 
the concluding remarks for Study Two. 
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5.5.1 The Player Experience 
The consistent main effect of the control interface type is perhaps the most 
striking trend that has emerged from Study Two relating to the influence of different 
NMCIs on the player experience. This main effect, although sometimes qualified by 
interaction effects, consistently showed the RSM and the Move produced more 
positive responses than Kinect across every single player experience measure. The 
RSM was also rated more positively than the Move across all subjective measures 
except Perceived Naturalness of CAM and Autonomy (where no difference was 
found). That is, even though, according to the NMCI GTF Score results, participants 
were more familiar with the Move (Incomplete Tangible NMCI) than the RSM 
(Realistic Tangible NMCI), they still performed better and generally rated their 
Enjoyment/Satisfaction, Flow, Presence and Competence higher with the more 
naturally mapped control interface (RSM). These results further validate Skalski et 
al.’s (2011) NMCI typology, with Perceived Naturalness of CAM, perceived 
Presence and perceived Enjoyment/Satisfaction results broadly in line with their 
initial hypotheses. The broader player experience results also reinforced the 
positioning of NMCI types on the natural mapping continuum, and were further 
supported by a clear descriptive trend that showed player preferences also favoured 
NMCIs with higher natural mapping. While including a tangible component in the 
natural mapping of the control interface appears to positively influence the player 
experience over broad camera-based motion capture, so does the level to which that 
tangible component looks and feels like the real-life object being simulated by the 
game (a concept that was hypothesised, yet never explored, using the original NMCI 
typology). Player characteristic variables also qualified some of these results, 
however, providing further understanding about the factors that influence the effect 
of NMCIs on the player experience. 
The most influential player characteristic measures were related to previous 
gaming experience, with Combined NMCI GTF and MostHours showing results that 
were distinct from each other, yet individually consistent across a range of player 
experience measures. The high MostHours group rated their player experience lower 
than other MostHours groups across the Enjoyment/Satisfaction, Presence, 
Autonomy and Competence measures. While this could be related to a novelty effect 
for casual players, it appears that the hardcore or traditional gamers in the high 
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MostHours group were harsh critics of motion controls, regardless of their 
performance or the level of natural mapping in the control interface. If game 
developers are to convince this group of the merits of motion controls, then a new 
approach might be needed, such as the emerging integration of motion-control 
interfaces in VR platforms. In the meantime, however, those with the highest levels 
of traditional gaming experience might avoid games that force the use of motion 
controls, motivated by reduced satisfaction of psychological needs and lower overall 
enjoyment. TennisLife Familiarity showed limited effects as a between-subject 
factor, with the high TennisLife Familiarity group only reporting higher Competence 
(than the low group) and higher Flow (than the middle group) across NMCIs. Higher 
real-life familiarity, therefore, did not translate into an objectively better 
performance, but did improve the perception of performance and challenge‒skill 
balance compared with other groups. While Age and Gender revealed effects related 
to intuitive use, they showed no influence over the player experience. 
Interactions for perceived Flow, Competence and Intuitive Controls also 
revealed the distinct influence of a more targeted measure of previous gaming 
experience (Combined NMCI GTF) with the relevant motion-control interfaces. In 
these interactions, all groups rated the RSM higher than Kinect, yet differences 
between the Move and the other interfaces were dependent upon familiarity levels. 
The groups with more familiarity rated the Move higher across measures than 
Kinect, yet showed no difference between the Move and the RSM. This suggests that 
moving from non-tangible to tangible natural mapping provides a boost to motion-
control gamers, potentially also related to the fidelity of control recognition, yet their 
increased familiarity mitigates the additional benefits of realistic over incomplete 
mapping. Conversely, those with low familiarity rated the RSM higher across these 
measures than the Move, yet showed no difference between Kinect and the Move. 
This suggests that a more realistic look and feel (or higher mental model matching) 
provides player experience boosts for less familiar gamers, yet a tangible component 
alone might not improve results if it lacks realism. Other factors could have also 
played a role here, since technological differences (or lack thereof) between 
conditions, which were impossible to separate from natural mapping levels, might 
have been more obvious to more familiar players. In all, Study Two shows that 
higher natural mapping in motion-control interfaces positively influences the player 
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experience, yet the impact of the natural mapping characteristics of NMCIs for 
players with different familiarity levels is also clearer. Chapter 6 further explicates 
these NMCI characteristics. 
5.5.2 Intuitive Interaction 
While the GTF measure provided context to player experience results, it also 
proved to be an effective predictor and qualifier of intuitive interaction results. The 
NMCI GTF Score results showed that participants reported the highest relevant 
familiarity with the more naturally mapped control interfaces (Move and RSM), and 
results for the subjective and objective measures of intuitive interaction reflected 
this. Participants reported the lowest familiarity relevant to Kinect, performed the 
worst with this device and reported that it offered the least Intuitive Controls. While 
higher familiarity was reported with the incomplete tangible NMCI (Move) 
compared with the realistic tangible NMCI (RSM), and intuitive use measures 
showed the opposite trend, it is possible that the RSM also leveraged familiarity 
relevant to the Move. However, since the level of intuitive use also appears to 
increase with the level of natural mapping in the NMCI, it is possible that natural 
mapping compensated for lower familiarity with the RSM. The between-subject 
effects between the NMCI GTF Score and Successful Hit % were consistent, though, 
with the youngest participants reporting higher familiarity and performing better 
across NMCIs. The between-subject effect of Combined NMCI GTF on Successful 
Hit % also supports the power of familiarity to predict intuitive use, since the high-
familiarity group performed better than the low-familiarity group. An effect between 
genders on intuitive use was limited to the least naturally mapped control interface, 
yet might reflect either the compensatory effects of more natural controls or 
cognitive differences between males and females. While TennisLife Familiarity 
revealed no impact on intuitive interaction, the natural mapping model might have 
simply lacked the capacity to capture and effectively leverage subtler elements of 
embodied tennis knowledge (such as motions related to foot movement and precise 
shot selection). 
As with equivalent interactions shown for player experience measures, the 
results for PENS Intuitive Controls suggests that the perceived intuitive interaction 
benefits of different NMCI types could depend on both levels of control interface 
familiarity and natural mapping characteristics. For those with higher domain 
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knowledge, intuitive use might increase more dramatically in the middle of the 
natural mapping continuum, where NMCIs gain tangibility, and level out for NMCIs 
with the higher natural mapping. Conversely, for those with limited relevant 
familiarity, the intuitive use gains of NMCIs might not be substantial until the NMCI 
gains realism (and a more complete representation of the appropriate mental model) 
at the highest level of natural mapping. The NMCIs tested in Study Two thus broadly 
supported intuitive use for all players by leveraging sensorimotor knowledge, yet the 
magnitude of the benefit was dependent on the type of NMCI and the level of 
relevant familiarity. 
5.5.3 Concluding Remarks 
The results from Study Two demonstrate that there are substantial differences 
in player experience and intuitive interaction outcomes when using different NMCI 
types. Overall, more naturally mapped control interface types tend to offer 
significantly improved outcomes over interfaces with less natural mapping, even 
when all the NMCIs could be singularly categorised as ‘motion controls’. At least for 
activities that require the manipulation of a tangible tool (such as tennis), providing a 
corresponding tangible control interface to similarly manipulate improves both the 
player experience and intuitive use outcomes. Additional player experience and 
intuitive use gains are also shown when the tangible control interface looks and feels 
like the real-life object it is representing. Yet these benefits are not universal, with 
player characteristics sometimes shaping the extent to which increased natural 
mapping improves these outcomes. The following chapter aims to build on the 
interpretation of results presented in each study chapter by comparing and 
contrasting results across the different gaming contexts that have been examined. 
Chapter 6 discusses the implications of these findings for theory related to NMCIs, 
the player experience and intuitive interaction in more detail, outlining the overall 
contributions made by this research programme to academic and design knowledge. 
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Chapter 6 General Discussion 
This chapter builds on the discussions presented in chapters 4 and 5, detailing 
the overall findings and contributions of the current research programme. Section 6.1 
further addresses RQ1 by exploring the findings related to the influence of NMCIs 
on the player experience across both studies, while also comparing the relevant 
results with existing NMCI research. This section also represents the research 
programme’s first major contribution: developing greater breadth and depth of 
understanding into the influence of different NMCI types on the player experience. 
Section 6.2 explores the findings related to RQ2 across Study One and Study Two, 
explicating the impact of different NMCIs on intuitive interaction with video games. 
It also highlights the work’s second major contribution: how the adapted research 
design and tools provide empirical evidence of the relationship between natural 
mapping and intuitive use. Sections 6.1.2 and 6.2.2 address RQ3 and highlight the 
work’s third major contribution by discussing key patterns that emerged to reveal 
how player characteristics shaped the way NMCIs influenced the player experience 
and intuitive interaction. Section 6.3 presents a new framework for assessing the 
dimensions of natural mapping in a control interface that emerged from the research 
programme, representing the work’s fourth major contribution: supporting future 
NMCI research and design. Section 6.4  reflects upon the research programme’s 
limitations, identifying the key implications and opportunities for future work. 
Finally, section 6.5 presents concluding remarks for the entire research programme. 
6.1 THE INFLUENCE OF NMCIs ON THE PLAYER EXPERIENCE 
The first empirical examination of the impact of all four NMCI types, from 
Skalski et al.’s (2011) NMCI typology, on a broad view of the player experience has 
been presented through the current research programme. This has been conducted 
using a consistent approach across two different gaming contexts: a racing game and 
a tennis game. In general, NMCIs with increased natural mapping showed more 
positive player experience effects across the current research programme for 
seemingly non-performance dependent measures such as perceived Naturalness, 
Enjoyment, Flow, Presence and Autonomy. This represents further validation of 
findings from NMCI research related to some measures (Abeele et al., 2013; Birk & 
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Mandryk, 2013; Freeman et al., 2012; McGloin et al., 2011; Skalski et al., 2011), and 
extended understanding of the influence of NMCI types on a broader view of the 
player experience. For example, this represents the first work that has compared the 
kinesic NMCI type to both of the NMCI types hypothesised to be more naturally 
mapped and found that results were largely consistent with the original ordering in 
the typology (Skalski et al., 2011). The following discussion further highlights how 
the player experience findings revealed by the current research programme confirm 
or extend understanding from existing NMCI research. Section 6.1.1 focuses on the 
influence of NMCIs, both across the player experience and for each relevant measure 
(RQ1), while section 6.1.2 examines the key findings related to the influence of 
player characteristics (RQ3). 
6.1.1 Validation and Extension of NMCI Type Effects 
In all, results generally support the standing hypotheses and findings for the 
impact of NMCI types on measures such as perceived Naturalness, Presence and 
Enjoyment or Preferences (Abeele et al., 2013; Birk & Mandryk, 2013; E. P. Downs 
& Oliver, 2016; Freeman et al., 2012; Herrewijn & Poels, 2013; Kim et al., 2011; H. 
Lee & Chung, 2013; McGloin et al., 2015, 2011; McMahan et al., 2010; Pietschmann 
et al., 2012; Sah et al., 2010; Schmierbach et al., 2012; Skalski et al., 2011; Williams, 
2013). Namely, consistent with the ordering of NMCI types on the natural mapping 
continuum, NMCIs with higher levels of natural mapping are perceived as such, 
produce a higher experience of perceived transportation into the simulated 
environment and are thus generally enjoyed and preferred more regardless of player 
characteristics. In fact, player characteristic effects for these three measures were 
relatively limited, with no influence shown on perceived Naturalness, and only 
limited effects shown for Presence and Enjoyment (discussed in section 6.1.2). 
The impact of the four NMCI types on a broader set of player experience 
measures, namely Flow, Autonomy, Competence and Intuitive Controls, were also 
shown for the first time. The findings for these measures that have been less 
commonly employed in existing NMCI research are especially important for 
expanding understanding of NMCI impacts (Abeele et al., 2013; Birk & Mandryk, 
2013; Gerling et al., 2011; Limperos et al., 2011; Martin & Wiemeyer, 2012; 
Mizobata et al., 2014; Nacke, 2010). Results show that the perceived level of these 
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player experience measures can also be significantly increased by NMCIs with 
higher levels of natural mapping. 
Perceived Naturalness 
Across the current research programme, the most naturally mapped control 
interfaces were perceived to be more natural than NMCIs with the lowest levels of 
natural mapping, supporting perceived naturalness findings in broader NMCI 
research (Abeele et al., 2013; Herrewijn & Poels, 2013; McGloin et al., 2015, 2011; 
Schmierbach et al., 2012; Skalski et al., 2011). This also offers some validation for 
the new approach to measuring perceived naturalness in the current research 
programme, which focused on the mapping of control actions. This research also 
represents the first time that the perceived naturalness of three different NMCI types 
was measured in the same study, and the first time the kinesic NMCI type has been 
compared with other NMCIs in terms of naturalness perceptions. The perceived 
naturalness results for Kinect support its position on Skalski et al.’s (2011) NMCI 
typology, although other factors such as technical issues and familiarity could have 
confounded results. Overall, the consistent results presented in the current research 
programme suggest that players perceive naturalness in line with the level of natural 
mapping in the NMCI type, as categorised by Skalski et al.’s (2011) NMCI typology, 
regardless of player characteristics. 
While a significant influence on perceived naturalness for all four NMCI types 
might be expected, the incomplete tangible NMCIs might not have shown a 
difference from other NMCIs, since their mapping of control actions was not always 
distinct. For example, in Study One, the mapping of secondary control actions for the 
SpeedWheel was similar to the Controller, while in Study Two, the mapping of all 
the control actions was identical for the Move and RSM (even using the same control 
device). In the only other research that compared perceived naturalness for NMCIs 
with incomplete and realistic tangible mapping, McGloin et al. (2013) used a 
modified version of Skalski et al.’s (2011) perceived naturalness measure and also 
found no difference. McGloin et al. (2013) also used the same underlying control 
device, with only aesthetic and form differences between the control interfaces (Wii 
controllers with or without boxing glove shells). Other research also failed to find 
significant differences for perceived naturalness measures between two tested 
NMCIs (H. Lee & Chung, 2013), and in one case even found that perceptions of 
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naturalness were contrary to the assumed level of natural mapping in the tested 
control interfaces (Tamborini et al., 2010). That participants in all existing studies 
did not rate the perceived naturalness of incomplete and realistic tangible NMCIs 
differently suggests that these aesthetic and form attributes alone are not enough to 
modify perceptions of how naturally control actions are mapped, even though they 
change the NMCI type. These examples highlight some of the issues with existing 
approaches to categorisation of NMCI types and perceived naturalness measurement, 
which Section 6.3 further explores. As with previous perceived naturalness measures, 
Perceived Naturalness of CAM generalised across natural mapping characteristics, 
yet there might be value in an approach that isolates these dimensions. 
Preferences and Enjoyment 
The results for preferences in both studies, and Enjoyment/Satisfaction 
(measured only in Study Two), paint a clear and consistent picture of the impact 
natural mapping has on NMCI user experiences. Players gained more 
Enjoyment/Satisfaction from using more naturally mapped control interfaces, and 
would choose these interfaces if they were to play the same game again. This was 
true even when participants were more familiar and performed better with the less 
naturally mapped control interfaces, as shown in Study One. It was also reinforced in 
Study Two by significant differences for Enjoyment/Satisfaction between each 
NMCI type, even when the difference in natural mapping was limited to aesthetics 
and form (i.e. the Move versus the RSM).  
Existing work that examines the impact of different NMCIs on enjoyment or 
preferences shows largely similar results. More naturally mapped control interfaces 
are commonly preferred or rated as more enjoyable in similar studies (Andersen et 
al., 2014; S. Bateman et al., 2011; Birk & Mandryk, 2013; E. P. Downs & Oliver, 
2016; Freeman et al., 2012; McMahan et al., 2010; Pietschmann et al., 2012; Sah et 
al., 2010), and enjoyment has also been shown to be positively predicted by other 
measures that reveal such differences (McGloin et al., 2011; Schmierbach et al., 
2012; Shafer et al., 2014; Skalski et al., 2011). These differences have also been 
shown to be higher for physiological control inputs compared with traditional 
controls (Nacke et al., 2011), as well as control interfaces that require greater 
physicality or support a higher fidelity of control recognition (Bianchi-Berthouze, 
2013; J. Downs et al., 2014; Freeman et al., 2012). However, some existing NMCI 
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research shows no differences for these measures, presents mixed results (Bowman 
& Boyan, 2008; Gerling et al., 2011; Isbister et al., 2011) or suggests that less natural 
control interfaces are more enjoyable or preferred by their samples (Limperos et al., 
2011; Shafer et al., 2011; Tamborini et al., 2010). Thus, while the trends shown in 
the current research generally support existing work, different game or experimental 
contexts might produce contrasting results. Broadly, though, enjoyment of and 
preference for different NMCIs appears to follow the player experience, rather than 
previous experience or performance, in showing more positive outcomes for more 
naturally mapped controls. 
Presence and Flow 
As measures indicative of perceived transportation and psychological 
engagement, Presence and Flow showed consistent effects across Study One and 
Study Two, with differences that generally followed the level of natural mapping in 
the control interface. These results reinforce Skalski et al.’s (2011) initial hypotheses 
about the impact of NMCI types on presence, along with the majority of existing 
NMCI research that shows more naturally mapped control interfaces receiving higher 
perceived presence scores than less naturally mapped controls (Abeele et al., 2013; 
Birk & Mandryk, 2013; Kim et al., 2011; H. Lee & Chung, 2013; Nacke, 2010; 
Pietschmann et al., 2012; Sah et al., 2010; Williams, 2013), or controller naturalness 
positively predicting presence (E. P. Downs & Oliver, 2016; McGloin et al., 2013, 
2015, 2011; Schmierbach et al., 2012; Skalski et al., 2011). That this general rule 
appears to extend to flow, however, goes a long way towards clarifying the influence 
of NMCIs on flow, for which results have been inconsistent in existing work (Abeele 
et al., 2013; Gerling et al., 2011; Limperos et al., 2011; Martin & Wiemeyer, 2012; 
Mizobata et al., 2014; Nacke, 2010). Overall, the current research programme shows 
that NMCIs with higher natural mapping can lead to greater presence and flow 
outcomes, although some player characteristic results revealed additional caveats to 
this interpretation (discussed in section 6.1.2). These findings were reinforced by 
Study Two’s larger sample, where significant differences between all three NMCI 
types were revealed even though only motion-control interfaces were tested. 
Autonomy 
The influence of the NMCI types on Autonomy across Study One and Study 
Two suggests that NMCIs with increased natural mapping provide a higher 
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perception of freedom in the game, whether by increased control fidelity or increased 
realism. In Study One, this manifested in the use of larger muscle groups to control 
finer aspects of steering, as well as the naturally mapped distribution of acceleration 
and brake to the foot pedals. In Study Two, the Move offered finer control of racket 
rotation by mapping device rotation to the virtual tennis racket shown on screen. The 
tangible and aesthetic aspects related to increased natural mapping could also have 
contributed to these results, providing players with a greater sense of connection 
between their actions in the real world and their control actions in the game. In 
contrast, the lack of representative or realistic tangible attributes in the Controller and 
Kinect appears to have limited the perceptions of Autonomy that were achieved 
using these less naturally mapped interfaces. 
The current research programme represents a substantial contribution to NMCI 
research in terms of the impact of different control interface types on perceptions of 
autonomy, as existing work exploring these effects is limited and conflicting (Birk & 
Mandryk, 2013; Tamborini et al., 2010). For their custom-developed shooter game, 
Birk and Mandryk (2013) found that perceptions of autonomy were higher with 
Kinect than with the Move or a standard controller. However, discrepancies 
acknowledged by Birk and Mandryk in the mapping of control interfaces for their 
study might have influenced these results. Rather than having the player aim with 
their hand using Kinect, the control interface was set up to track the relative rotation 
and position of the player’s shoulders and hips (essentially asking the player to 
imagine that aiming was controlled from the centre of their torso). In contrast, aiming 
was directionally mapped to an analogue thumbstick for the controller and to the 
movement of the wand in 3D space for the Move. Thus the mapping scheme, and the 
mental model required for successful interaction, was fundamentally different for 
Kinect. For Study Two in the current research programme, the kinesic NMCI type 
had a lower level of control fidelity than the other NMCIs, but the control interface 
mapping was conceptually consistent across NMCIs (i.e. players imagined they were 
manipulating a racket in their hand regardless of the control interface). Mapping 
differences aside, the results across studies consistently suggest that some types of 
more naturally mapped controls can lead to higher perceptions of autonomy. 
By contrast, Tamborini et al. (2010) found that perceived game skill and 
‘natural mapping’ positively predicted autonomy and were higher with a traditional 
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controller than a ‘naturally mapped’ Wii controller in a bowling ball shell. It is not 
clear why participants in Tamborini et al.’s study reported that the traditional 
controller was more natural and provided more autonomy than the supposedly 
realistic tangible motion-control interface, since sufficient details about the Wii 
interface or how control actions were mapped were not presented. This was possibly 
related to the study sample’s youth (age M = 20.4). Alternatively, the implementation 
of CAM might have been more limited with the Wii controller, or the weighted 
plastic shell might not have been perceived as realistic by participants (given it was 
rated as less natural), preventing a connection with the game and a more complete 
satisfaction of psychological needs using this device. One point the authors do argue, 
however, is that Ryan et al.’s (2006) assertion that participants might be unable to 
experience autonomy in an experimental setting appears to be challenged by the 
results (Tamborini et al., 2010). The results from the current research programme 
support a similar conclusion, as well as suggesting a more consistent relationship 
between more naturally mapped controls and perceptions of autonomy. 
Competence 
Perceived Competence levels were equivalent or greater for the more naturally 
mapped control interfaces in both studies. Although it is an important measure of 
need satisfaction and the player experience related to perceived performance or 
demonstration of skill, competence is infrequently measured in existing NMCI 
games research, with conflicting results sometimes revealed. Some studies show no 
differences in competence between the control interfaces tested (Ellick et al., 2013; 
Gerling et al., 2011; Nacke, 2010). Since previous experience was inconsistently 
measured in these studies, however, it is difficult to determine whether natural 
mapping might have had a compensatory effect (such that less experienced players 
felt competent with the NMCIs with higher natural mapping despite less familiarity 
with these interfaces). Some research revealed higher competence with traditional 
controllers compared with more naturally mapped controls (Abeele et al., 2013; 
Tamborini et al., 2010), contrasting with results from the current research 
programme. Only Birk and Mandryk (2013) showed competence as being higher 
with the most naturally mapped control interface (Move) compared with Kinect and 
a controller, though performance and previous experience were not measured. 
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The results for Competence support its definition as a perceived performance 
measure, since Competence generally followed familiarity and objective intuitive use 
measures, except where higher natural mapping appeared to offer compensatory 
effects. In Study One, this was demonstrated with no difference across control 
interfaces for Competence for all player characteristic groups, despite participants 
showing reduced familiarity and lower Progress with the NMCIs with higher natural 
mapping. In Study Two, Competence generally increased with the level of natural 
mapping in the control interface, following the reduced familiarity (NMCI GTF 
Score) and intuitive use shown for Kinect, yet contradicting the familiarity 
differences between the Move and RSM. The similarities between the effects for 
Competence and Intuitive Controls make sense, given players might be expected to 
report higher perceptions of intuitive use with the interface they felt the most 
competent with, or vice versa. These findings are also supported by previous 
research that conducted exploratory factor analysis on PENS and found that 
competence and intuitive controls loaded on a single factor (Johnson & Gardner, 
2010). However, additional differences between the results for these measures were 
revealed in both studies, and the interactions revealed for Competence and Intuitive 
Controls also extended to Flow in Study Two, contrasting with previous work and 
suggesting greater independence between these constructs. Overall, the results offer 
some support for Birk and Mandryk’s (2013) finding that NMCIs with higher natural 
mapping can provoke higher perceived Competence, although (as suggested by Birk 
and Mandryk) a richer picture emerged once player characteristics were considered. 
6.1.2 The Qualifying Influence of Player Characteristics 
The measured player characteristics variables, covering demographics, 
previous gaming experience and relevant familiarity, revealed several important 
trends qualifying the influence of NMCIs on the player experience. These include the 
effects for hardcore versus casual players, the influence of control interface 
familiarity and some limited effects for ‘RealLife’ (i.e. RaceLife and TennisLife) 
familiarity. The differences revealed for Age and Gender showed limited 
independent influence over the player experience, instead largely impacting intuitive 
use in line with differences revealed for the NMCI GTF Score. Overall, the player 
characteristic results suggest that sampling demographic attributes might be relevant 
if performance levels are important, while familiarity (or experience in relevant 
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domains) can powerfully influence various aspects of the player experience with 
NMCIs and should be carefully tracked. Some player experience measures revealed 
little or no player characteristic effects, however, demonstrating that the positive 
benefits of increased natural mapping in the control interface are sometimes 
universally applicable. 
Hardcore Aversion or Casual Novelty Effects 
As discussed in sections 4.4.5 and 5.4.3, player experience effects were 
revealed in both studies that suggested the most hardcore players were averse to 
using motion controls and/or that casual players experienced a novelty effect from 
their use in short-term play. This was supported by the effects of Age on Autonomy 
and Presence in Study One, and the effects of MostHours on Enjoyment, Presence, 
Autonomy and Competence in Study Two. As such, these effects appear to be 
especially relevant to the satisfaction of psychological needs, and might reflect 
higher need satisfaction expectations for hardcore players. These results represent the 
first empirical evidence of aversion to motion controls for hardcore gamers, which 
has been cited as evident in community sentiment by the gaming media for some 
time (MacDonald, 2014; Totilo, 2013; Weinberger, 2015). Most existing studies that 
have examined this effect support the opposite conclusion: that higher levels of 
previous gaming experience or skill lead to a more positive player experience with 
NMCIs, with findings supported by results for enjoyment measures (Andersen et al., 
2014; Mizobata et al., 2014; Skalski et al., 2011) as well as presence or flow 
(McGloin et al., 2011; Mizobata et al., 2014; Sah et al., 2010). Limited support for 
the findings of this research programme is shown in one study where gamers failed 
to follow non-gamers in rating presence/immersion of a motion tennis controller 
higher than a traditional controller (Pietschmann et al., 2012), and another where 
autonomy was positively predicted by perceived game skill and natural mapping, 
which were higher with a traditional controller compared with motion controls 
(Tamborini et al., 2010). 
Although in Study One this effect was revealed by Age, and not a traditional 
measure of previous gaming experience, the youngest group scored their control 
interface familiarity with the Controller higher than other devices and other groups. 
The finding is also supported by the descriptive preference results from Study One 
that showed support for the traditional Controller interface as highest among young, 
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male and high control interface familiarity players (see Appendix K). This is further 
highlighted by strong preferences for the SpeedWheel (the newest of the three 
NMCIs in Study One) among females and those with low-to-moderate control 
interface familiarity. Players with less intense previous gaming experience might 
therefore be more open to new experiences with NMCIs, and less bound by previous 
biases about the impact these control interfaces have on the player experience. 
Although it is unclear whether this effect is transitory, given the experiments 
included only short (four to six) minute play sessions, game designers might consider 
these findings when configuring the mapping of control interfaces for their games. 
These results suggest, for example, that casual players will respond more positively 
to motion-control options and that including these options might boost the game’s 
accessibility. Furthermore, the utility and player experience benefits of motion 
controls for hardcore players might be a harder sell. Given that these effects were 
between groups and not between NMCIs, however, the overall player experience 
benefits of more naturally mapped controls were consistent, and so making the 
argument for hardcore players to overcome these perceived biases might be 
worthwhile.  
Effects for Control Interface Familiarity (GTF) 
In contrast with the previous discussion on traditional measures of previous 
gaming experience, the GTF measures revealed distinct effects in both studies that 
reinforced the value of more targeted sampling of previous experience. The only 
effect shown for Competence in Study One, for example, revealed that those with the 
highest control interface familiarity (Combined NMCI GTF) felt more competent 
across devices than those with the least familiarity. In Study Two, a similar effect 
was shown for TennisLife Familiarity (also sampled using the GTF approach), with 
the high TennisLife group reporting greater Competence across NMCIs than the low 
TennisLife group. While the source of relevant familiarity was inconsistent across 
studies, these results show that need satisfaction in an activity can be positively 
influenced by a greater level of certain types of previous experiences. The GTF 
measures also helped to establish familiarity levels for each control interface in the 
sample, predicted intuitive use and revealed the compensatory effects of natural 
mapping for performance-related measures (as discussed in section 6.2.2). 
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One of the clearest trends revealed by Combined NMCI GTF was shown 
through the interaction effects for Flow, Competence and Intuitive Controls in Study 
Two. As first discussed in section 5.4.4, those with limited control interface 
familiarity saw player experience gains from increased natural mapping only once 
the mental model was satisfied with realistic aesthetics and form (i.e. the RSM), but 
for those with higher familiarity, tangibility satisfied this need regardless of the level 
of realism. In other words, the attributes of the NMCIs were interpreted or 
experienced differently depending on GTF levels. Thus, while the general effects of 
higher levels of natural mapping in NMCIs is an increase in the player experience, 
the point of player experience gains differs according to control interface familiarity 
levels. These effects carry implications for the design of NMCIs when targeting 
players with different levels of relevant previous gaming experience. Greater utility 
through increased control fidelity is appreciated by more experienced players, while 
greater realism in the control interface might also be required for inexperienced 
players to see the same gains. Further to this, lack of relevant familiarity might 
hinder players using control interfaces with a low level of natural mapping (as 
highlighted by intuitive use differences for the Controller and Kinect). It is important 
to note, however, that both experiments required a tangible component for increased 
natural mapping according to the activities simulated by the game. A kinesic NMCI 
could be more natural with increased control fidelity, and if the lack of tangibility 
matches the mapped activity, such as with a dancing or yoga game. Tangible NMCIs 
might also render different effects for different groups depending on their level of 
control fidelity, separate from the impact of realism. Section 6.3 further explores 
these qualifications to the generalised effect of the existing NMCI types on the player 
experience by building more concrete definitions for the ‘dimensions of NMCIs for 
video games’. 
Limited Influences for RealLife Familiarity 
RealLife Familiarity also revealed a limited number of influential effects over 
the player experience in both studies. The effects for Competence in Study Two 
support the notion that relevant real-life experiences can improve perceptions of skill 
demonstration with different NMCIs (E. P. Downs & Oliver, 2016; McGloin et al., 
2011; Nijhar et al., 2012; Sah et al., 2010), even though this knowledge did not 
influence objective performance measures. Further effects for Presence in Study One 
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and Flow in Study Two suggest that varying levels of RealLife Familiarity might 
support a more involving player experience with different NMCIs. In Study One, 
RaceLife Familiarity altered perceptions of Presence, with the low and middle 
groups reporting different control interfaces as facilitating the least Presence. The 
high RaceLife Familiarity group, however, saw no difference in Presence across 
devices, suggesting increased RealLife Familiarity could raise the expectations for 
and critical response to more naturally mapped controls. Pietschmann et al. (2012) 
reached similar conclusions for their study, where those with high tennis experience 
did not show the same immersion gains from naturally mapped controls as those with 
only moderate real-life experience—although across devices, those with no relevant 
real-life experience reported lower presence. The effect revealed for Flow in the 
current research programme reflects the latter finding, where those with the highest 
RealLife Familiarity rated Flow higher across NMCIs than those with moderate 
experience. Thus, the precise effect of relevant real-life experience on presence and 
flow gains with naturally mapped controls remains unclear. In some cases a high 
level of real-life familiarity could hinder the benefits of naturally mapped controls 
through increased expectations, while in others, it could increase involvement in the 
game, essentially reflecting the player’s passion for the activity in the real world. In 
all, providing a selection of control interface options might be the best approach to 
addressing the needs of these different groups. 
6.2 THE INFLUENCE OF NMCIs ON INTUITIVE INTERACTION 
The current research programme leveraged existing intuitive interaction theory 
and tools to empirically explore the intuitive use potential of different NMCIs for 
video games on both a subjective and objective level. Consistent with broad 
assumptions in the industry and research community (Bowman & Boyan, 2008; Fitz-
Walter et al., 2008; Foottit et al., 2014; Ha, 2010; Johnson et al., 2002; Nacke, 2010; 
Nintendo, 2016b; Peterson, 2011; Wyeth, 2008), results suggest that NMCIs with 
higher levels of natural mapping have a higher potential for intuitive use, although 
player characteristic factors revealed some qualifications. The following discussion 
further highlights the findings and contributions made by the current research 
programme in relation to intuitive interaction. Section 6.2.1 focuses on the influence 
of NMCIs on subjective and objective measures of intuitive use (RQ2), while section 
6.2.2 examines the key findings related to the influence of player characteristics 
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(RQ3). Section 6.2.3 relates the work back to established and emerging theory for 
intuitive interaction, clarifying the nature of the relationship between natural 
mapping, familiarity and intuitive use. 
This work represents one of the most extensive empirical explorations into the 
relationship between natural mapping and intuitive interaction in any context. While 
previous work in the field has broadly indicated that more natural gestures or 
tangible interfaces can increase the potential for intuitive use (Antle et al., 2009; Birk 
& Mandryk, 2013; Chattopadhyay & Bolchini, 2015; Desai et al., 2015; Mihajlov et 
al., 2015), the results from the current research programme demonstrate what types 
and dimensions of NMCIs show this potential. The current research also presents 
important initial empirical work that adapts existing intuitive interaction measures, 
such as TF and coded intuitive uses, for the games research domain (Blackler, 2008; 
Blackler & Popovic, 2015). The approach to sampling GTF built on existing 
understanding of familiarity and sampling methods to create a robust and targeted 
representation of relevant familiarity. The measure was adapted across both studies 
to employ broader and more flexible approaches to sample previous exposure 
attributes, which were factored together with a consistent and considered formula to 
produce a range of relevant scores. Likewise, a modified approach to 
operationalising intuitive use was taken and customised to fit the domain and 
stimulus materials. The perceived Intuitive Controls measure was used to sample 
perceptions of intuitive use to enable comparisons of empirical objective and 
subjective measures of intuitive interaction for the first time. Progress towards the in-
game goal and objectively coded Errors operationalised intuitive use in Study One, 
while coding was also employed to produce a single summative measure reflecting 
correct uses and errors with each control interface in Study Two. Together, this 
revised methodology not only establishes a foundation for further related work in the 
games research domain, but also develops existing research practices in a way that 
might be adapted for application in broader intuitive interaction research. 
6.2.1 Intuitive Use with NMCIs for Video Games 
Perceived Intuitive Controls 
While early NMCI research indicated that perceptions of the ‘intuitiveness’ of 
NMCIs were important for their appeal (Johnson et al., 2002), and industry and 
academia alike assumed that more natural controls were more intuitive (Bowman & 
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Boyan, 2008; Fitz-Walter et al., 2008; Foottit et al., 2014; Ha, 2010; Johnson et al., 
2002; Nacke, 2010; Nintendo, 2016b; Peterson, 2011; Wyeth, 2008), little work had 
been done to investigate or validate these claims. The results for the perceived 
Intuitive Controls measure not only further the current work’s contribution to the 
intuitive interaction field, but also offer an initial look at how NMCIs influence this 
aspect of the player experience, which has been shown to moderate need satisfaction 
(Ryan et al., 2006). Across Study One and Study Two, participants generally 
reported that NMCIs with higher levels of natural mapping were perceived as more 
intuitive than NMCIs with less natural mapping, even though their familiarity was 
lower with some of these interfaces in both studies. However, some of these 
differences were dependent on the levels of previous exposure to related domains 
(discussed further in section 6.2.2).  
Birk and Mandryk’s (2013) study, which tested three NMCIs in a custom-
developed shooter game, represents the only other NMCI research that has measured 
intuitive controls using the PENS instrument. Other research has sampled ‘sense of 
control’ measures with NMCIs that have generally supported stronger results for 
traditional control interfaces, yet the wording of items does not explicitly tie the 
measure to the player’s sense of intuitive use (Abeele et al., 2013; Herrewijn & 
Poels, 2013; Limperos et al., 2011). Birk and Mandryk (2013) showed that a tangible 
control interface (Move) led to higher perceptions of intuitive controls, yet 
participants in their study also rated a Controller as more intuitive than Kinect. The 
differences shown between the Move and Kinect are thus consistent with the results 
from Study Two in the current research programme, although the control interface 
mapping of Kinect in Birk and Mandryk’s (2013) study might limit the 
generalisability of their findings for the kinesic NMCI type (as discussed in the 
‘Autonomy’ part of section 6.1.1). While the generalisability of the relative results 
for Kinect in Birk and Mandryk’s (2013) study might be limited, the research does 
show that an incomplete tangible NMCI (Move) was perceived to have more 
intuitive controls than a directional NMCI (Controller) in another gaming context. 
Study One failed to show this difference as significant, with only the realistic 
tangible NMCI (the RacingWheel) significantly higher than the Controller. However, 
these results still generally support the same conclusion: higher natural mapping in 
the control interface can lead to a greater perception of intuitive controls. 
  
Chapter 6 General Discussion 173 
Objective Measures of Intuitive Use 
At face value, the intuitive use measures used in Study One and Study Two 
present largely contrasting evidence about the impact of NMCIs on performance. In 
Study One, results for the Progress measure revealed that the Controller and 
SpeedWheel broadly facilitated a stronger performance than the RacingWheel. This 
would suggest NMCIs with less natural mapping facilitate more intuitive uses. 
However, the other intuitive use measure (Errors) in Study One revealed that 
intuitive use was lower for these devices for some of the player characteristic groups 
(namely the oldest and low Combined NMCI GTF groups). Furthermore, in Study 
Two, intuitive use for each NMCI consistently improved for all player characteristic 
groups as the natural mapping level increased, even though familiarity was shown to 
be lower with the RSM. Across studies, these results therefore suggest that intuitive 
use is more in line with relevant control interface familiarity levels (i.e. GTF Score) 
than the level of natural mapping in the interface, though NMCIs with higher natural 
mapping might also offer compensatory effects for some groups (e.g. those with 
lower GTF). 
While previous games research did not seek to measure intuitive use, general 
performance measures offer some insight into the intuitive potential of NMCIs, even 
though measurement of familiarity (or some form of previous gaming experience) to 
cross-reference the source intuition is inconsistent and lacking (see sections 2.1.1 and 
3.4.1) (Blackler, 2008; Blackler & Popovic, 2015). With that qualification in mind, 
research has generally shown that players perform better with less naturally mapped 
control interfaces (Abeele et al., 2013; Herrewijn & Poels, 2013; Limperos et al., 
2011; McMahan et al., 2010; Rogers et al., 2015). However, there are a few notable 
exceptions to these findings (Andersen et al., 2014; Brown et al., 2010; E. P. Downs 
& Oliver, 2016). Andersen et al. (2014) showed higher performance with the Kinect 
controlled version of their self-developed obstacle course game, yet development 
might have favoured this condition over the version controlled using a traditional 
controller. Brown et al. (2010) showed that performance was higher with a racing 
wheel controller than with traditional control inputs, yet this sample was limited 
(only 12 participants), and other research has consistently shown performance to be 
higher with traditional controllers in racing games compared with steering wheel 
controls (as was broadly shown in Study One). There have been no other studies that 
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measured performance with different NMCIs in a tennis video game, although 
Freeman et al. (2012) did show higher performance for the control interfaces with 
limited interaction fidelity in their self-developed table tennis game. This contrasts 
with the results from Study Two that showed higher performance results for the 
NMCIs with increased control fidelity (i.e. the Move and RSM). If a traditional 
control interface was tested in Study Two, this might have led to more intuitive uses 
for some participants; however, Downs and Oliver (2016) showed that motion 
controls supported a better performance than traditional button-based controls in a 
golf game. In all, the objective intuitive use results in the current research 
programme are relatively novel, both by suggesting that natural mapping can support 
a stronger performance and showing such a strong connection with player 
characteristics, especially control interface familiarity. 
6.2.2 The Influence of Familiarity and Player Characteristics 
The player characteristic effects revealed for intuitive interaction suggest two 
major findings that the follow subsections explore: there is a strong link between 
relevant familiarity and intuitive use with video games, and NMCIs with increased 
natural mapping appear to offer compensatory effects for reduced familiarity. 
The Link Between Familiarity and Intuitive Use 
Broadly, relevant familiarity was a reliable predictor for the occurrence of 
intuitive use with video games, supporting and extending this finding from existing 
intuitive interaction research (Blackler, 2008; Blackler & Popovic, 2015; Cave et al., 
2014; Mihajlov et al., 2015; O’Brien, 2010; Reddy, 2012). This was shown not only 
through the Combined NMCI GTF effects, but in the correspondence between the 
main and other player characteristic effects revealed for the dependent variable GTF 
Scores and intuitive use measures. Indeed, three of the four player characteristics 
measures sampled across both studies in the current research programme showed an 
effect on all of the objective intuitive use measures. The similar effects of Age on the 
NMCI GTF Score and intuitive use support the notion that the lower levels of 
intuitive interaction shown by older players might be more clearly linked to TF, 
rather than age-related cognitive or physical decline (Blackler et al., 2012; Mihajlov 
et al., 2015; O’Brien, 2010; Reddy, 2012). For example, the oldest group consistently 
showed lower intuitive use outcomes than the youngest group across NMCIs, and 
these differences were also shown in their GTF Score for all NMCIs except the 
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RacingWheel. Of all the NMCI games research reviewed that has measured 
performance, only Herrewijn and Poels (2013) report testing for the influence of 
Age, yet found no result in their limited sample (31 participants aged from 18 to 30 
years). Some NMCI games research similarly shows a between-subject effect of 
gender on performance, with males performing better than females across control 
devices (Brokaw et al., 2007; Limperos et al., 2011); however, Brokaw et al. (2007) 
suggest this effect could be attributable to differences in previous gaming experience 
between genders. In Study One, males showed higher familiarity across devices than 
females, supporting this interpretation. Though Study Two does not support the same 
interpretation, the difference in intuitive use results there might be more related to 
cognitive differences between genders (as discussed in section 5.4.9). As with age, 
the effects of gender can therefore also be generally attributed to the influence of 
relevant control interface familiarity (as measured by the GTF).  
While no effects were found for age and gender on perceived Intuitive 
Controls, familiarity with relevant control interfaces revealed effects in both Study 
One and Study Two, further reinforcing the relationship between familiarity and 
intuitive use (Blackler et al., 2010). For example, the results in Study One suggest 
that limited relevant (control interface) familiarity generally hinders perceptions of 
intuitive use. Additionally, only those with the highest level of relevant RealLife 
Familiarity reported perceiving that the RacingWheel offered more Intuitive Controls 
than the Controller. That the equivalent result (for TennisLife Familiarity) was not 
revealed in Study Two suggests that this effect might depend on certain gaming 
contexts, or potentially on the level of realism possible through natural mapping in 
those contexts. For instance, in Study One, the RacingWheel interface was realistic 
in terms of the way it was manipulated, the haptic feedback it offered (through 
multiple types of force feedback) and the physical design of the interface (simulating 
not only look and feel, but distributing the accelerator and brake pedals to the floor to 
realistically engage the player’s feet). By contrast, the haptic feedback for the 
realistic tangible NMCI in Study Two (the RSM) was limited to a light rumble 
simulating contact with the ball, with other feedback restricted to visuals and audio 
and movement on the court mapped in only a simplified way. Combined with the 
implications revealed by the interaction of Combined NMCI GTF for perceived 
Intuitive Controls (discussed in section 6.1.2), these differences highlight further 
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distinctions related to the dimensions of natural mapping and the classification of 
NMCIs, which are explored in section 6.3. Overall, these results indicate that 
familiarity can influence perceptions of the intuitiveness of natural control interfaces, 
in addition to informing objective measures of intuitive use. 
Control interface familiarity (GTF) also showed an effect on objective 
measures of intuitive interaction, with the low-familiarity group consistently showing 
lower intuitive use results (including higher Errors) across the NMCIs in both 
studies. The majority of NMCI games research that has measured some form of 
previous experience and performance appears not to have examined the relationship 
between the two, although the few that report analysing it appear to have found no 
effects (Abeele et al., 2013; Herrewijn & Poels, 2013; Limperos et al., 2011; Sah et 
al., 2010). The two exceptions are Andersen et al.’s (2014) study, which found that 
gamers performed better than non-gamers, yet only for the controller condition, and 
Brokaw et al.’s (2007) study, which found that players performed better on interfaces 
for which they reported higher previous experience, higher skill or previous game 
exposure. In the current research programme, the consistent influence of GTF on 
intuitive use was clear, supporting the argument for analysing and testing considered 
measures of previous experience (such as GTF) in NMCI and broader games 
research. That the MostHours measure for Study Two failed to show an effect on any 
intuitive use measures further highlights that these measures might need to be more 
targeted to reveal relevant influences. The RealLife Familiarity measures also 
revealed no influence on the objective intuitive use measures in either study, 
suggesting that the tested NMCIs did not leverage (or allow for the transfer of) 
relevant real-life knowledge in a way that significantly improved objective 
performance measures. The influence of RealLife Familiarity on intuitive interaction 
thus appears to be limited to perceptions of intuitive use, although this could change 
as advances in technology allow control interfaces to more accurately or fully 
simulate the equivalent real-life activity.  
The Compensatory Effects of Natural Mapping 
The cases where the NMCI GTF Score did not cleanly predict the intuitive use 
measures appear to suggest that more naturally mapped control interface types offer 
a greater potential for intuitive use. In Study One, for example, the youngest group 
showed higher familiarity relevant to the Controller than the other devices, yet did 
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not Progress further with this device than the SpeedWheel or show a difference in 
Errors between the control interfaces. Similarly, the oldest group reported lower 
familiarity relevant to the SpeedWheel than the youngest group, yet were able to 
perform at an equivalent level (both in terms of Progress and Errors) with this device. 
In Study Two, all participants reported more familiarity relevant to the Move than 
the RSM, yet intuitive use was higher with the RSM than the Move. The effects for 
perceptions of intuitive use in both studies also contrasted with familiarity to favour 
the most naturally mapped interfaces. Results such as these suggest that increased 
natural mapping in the control interface might compensate for lower familiarity to 
produce equivalent or more positive intuitive use outcomes. Familiarity thus broadly 
informed intuitive use in the current research programme, but when exceptions 
occurred, they were attributable to the benefits of increased natural mapping (or the 
drawbacks of limited natural mapping) in the control interface. This offers additional 
support for the notion that natural mapping can be leveraged in design to increase the 
potential for intuitive interaction (Blackler, 2008; Israel et al., 2009). 
6.2.3 Natural Mapping and the Intuitive Interaction Continua  
Findings from the current research programme help to clarify the relationship 
between natural mapping, different types of previous knowledge and the potential for 
intuitive use with a control interface. Aspects of these relationships have previously 
been illustrated through the combined intuitive interaction continua (Figure 2.1) 
(Blackler & Hurtienne, 2007). Figure 6.1 shows a revised integrated framework for 
intuitive interaction that is presented in greater detail in Blackler et al. (in press), 
evolved from previous representations of intuitive interaction theory (Blackler & 
Hurtienne, 2007; Blackler & Popovic, 2016). The top continua band, labelled 
‘interface types’, reflects the broad findings from the current research programme as 
they relate to established and emerging intuitive interaction theory. The next 
continua band, labelled ‘Pathways to Intuitive Use’, reflects an updated view of the 
foundational intuitive interaction theory from Blackler (2008). Metaphor has been 
separated in this continuum to show that it is a pathway to intuitive use that can 
utilise design strategies from any point on the continua (including image schemas 
that primarily leverage physical affordances). The relationship with the lowest 
continua band, labelled ‘Knowledge’, remains consistent with the connections 
identified between the two foundational continua by Blackler and Hurtienne (2007). 
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The ‘Characteristics of Features’ continua band reflects emerging intuitive 
interaction theory that highlights descriptive attributes such as transfer distance and 
magical experiences (Diefenbach & Ullrich, 2015). 
 
Figure 6.1. New Intuitive Interaction Framework,  
adapted from Blackler et al. (in press). 
The most naturally mapped control interfaces (e.g. the RacingWheel and RSM) 
leverage physical affordance to draw on more ubiquitous sensorimotor knowledge. 
Mapping is more literal with these control interfaces, and transfer distance is thus 
lower and intuitive interaction might go unnoticed. NMCIs in the middle of the 
natural mapping continuum (e.g. the SpeedWheel and the Move) start to rely more 
on population stereotypes to transfer culture knowledge for intuitive use. Since the 
mapping is less literal and relies more on simile (due to reduced realism and lower 
correspondence in the naturalness of actions), a clearer mental model (supported by 
higher GTF or RealLife Familiarity) might be required for intuitive use. In these 
cases, the control interface might start to rely on familiar features—for example, 
conventions with motion controllers such as pointing at the screen to reset tracking or 
adjusting motions to match the quirks of the tracking device (e.g. the use of waggle). 
In other words, as natural mapping decreases, intuitive interaction starts to rely more 
on TF and control actions are discoverable and less likely to go unnoticed. For 
control interfaces with even less natural mapping (such as Kinect and the Controller), 
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this reliance on familiar features and expertise knowledge is even greater, explaining 
the differences between groups revealed for the Controller and Kinect. Transfer 
distance is higher for these NMCIs, since conceptually linking the required physical 
control actions with the corresponding virtual actions might require more mental 
effort. These less literal mappings are therefore more likely to be consciously 
processed (and consequently not intuitive) unless the player has the relevant GTF to 
draw on. In fact, the design of NMCIs for simulated real-life activities that rely on 
less ubiquitous knowledge might also be more challenging (since the activity and 
related expertise knowledge is generally more complex). This might explain why 
games that use NMCIs are largely restricted to certain genres (such as racing and 
sports), as naturally mapping more complex activities would require the use of more 
transformative metaphors. 
On the far right of the natural mapping continuum, the empty dotted box refers 
to either arbitrary (i.e. random and not natural) mapping or mappings that leverage 
metaphor to potentially access other areas of the continua to enable intuitive use. For 
designs with arbitrary or ineffective metaphor mapping, the ubiquity of knowledge 
related to these mappings will be lower and transfer distance will be higher, making 
intuitive use unlikely without high relevant expertise knowledge (GTF). If the 
metaphor is effective, however, perhaps by being familiar from similar interactive 
contexts or by employing image schemas to leverage sensorimotor knowledge, then 
the resulting experience of intuitive interactions might be ‘magical’. This happens 
when the control action is transformed through metaphor in a way that could be 
described as ‘surprisingly cogent’, resulting in a positive affective response for the 
user. To some extent, NMCIs for video games always leverage metaphor—the 
correspondence of natural mapping for the simulated activity is a type of metaphor, 
even if the natural mapping is high and uses simile in an attempt to make the system 
‘invisible’ to the player. The more positive player experience outcomes shown for 
NMCIs with increased natural mapping might therefore also reflect this magical 
experience related to intuitive use, and could be empirical evidence of the 
hypothesised affective component of intuitive use (Diefenbach & Ullrich, 2015; 
Hurtienne, 2011; Still et al., 2015). The similar interactions shown between measures 
such as perceived Intuitive Controls and Flow, as well as broader consistency 
between the patterns of intuitive interaction and player experience results (e.g. 
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Presence, Autonomy and Competence), might offer some clues as to the attributes of 
this affective component or how to measure it. 
In all, this new Intuitive Interaction Framework illustrates the key findings and 
contributions of this research in terms of the influence of natural mapping on 
intuitive use. GTF can support intuitive interaction anywhere across the natural 
mapping spectrum, as shown by its power to predict intuitive use. Higher natural 
mapping in the control interface, however, provides another pathway to intuitive use 
that is complementary to GTF and can also compensate for a lack of relevant 
familiarity. This balance, between leveraging familiarity and natural mapping, 
presents interesting choices for game designers contemplating control interface 
options. Higher natural mapping could increase the player experience, intuitive use 
and the game’s accessibility if the technology, simulated activity and mapping 
metaphor allow for it, yet intuitive use (and some player experience) outcomes might 
be greater for more experienced gamers when using a traditional control input. 
Offering support for multiple control types might be the optimal solution, yet design 
or budget constraints can make this impractical. This research suggests that games 
and intuitive interaction researchers have much to gain from future collaborative 
work. One approach to merging theory and practices from these related fields has 
been presented, showing that the intuitive potential of NMCIs can be greater due to 
either higher relevant familiarity or increased natural mapping. Greater clarity of the 
dimensions of natural mapping is needed, however, to support more consistent and 
effective NMCI design and assessment. 
6.3 THE DIMENSIONS OF NMCIs FOR VIDEO GAMES 
The current research programme sought to examine the influence of the NMCI 
types identified in the original typology proposed by Skalski et al. (2011), applying 
the criteria from their initial definition to build on and establish consensus for 
understanding the impact they have on the player experience and intuitive 
interaction. However, when using the established typology to classify NMCIs, there 
were cases where classification was difficult or unclear, with some attributes that 
appeared to cross type boundaries. Skalski et al. (2011) acknowledge that the 
typology was never meant to be exhaustive, but rather form a potential foundation 
for future work in the space. If research continues to apply criteria to determine 
NMCI types in different ways for different experimental contexts, then it becomes 
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difficult to build consensus from the body of academic knowledge. One aspect of the 
typology that requires further consideration is the attributes or dimensions that 
determine the level of natural mapping for a specific control interface 
implementation. This was largely assessed in the original typology with terminology 
describing the look and feel of the control interface, with frequent references to the 
matching of mental models (Skalski et al., 2011). Two dimensions of NMCIs were 
also identified in Freeman et al.’s (2012) study: prop fidelity and interaction fidelity. 
Freeman et al. (2012) imply that ‘prop fidelity’ broadly refers to the realism of the 
physical control interface (the extent to which it looks and feels like the equivalent 
real-life prop simulated by the game); ‘interaction fidelity’ is the extent to which 
different aspects of player movement are effectively recognised by the control 
interface, a concept similar to ‘interactivity’, as presented by Shafer et al. (2011, 
2014). 
Conflicting Evidence for NMCI Type Classification and Effects 
Some initial difficulties with classification started to emerge when NMCIs 
were considered for typification at the start of this research programme, yet 
interpreting the results also highlighted contrasts in the dimensions of NMCIs that 
are not fully reflected in the existing NMCI types. For example, as mentioned in 
section 3.3, the secondary control actions (accelerate and brake) for the Controller 
and SpeedWheel used in Study One were very similar (both used analogue triggers, 
though they varied in size and shape) and could be classified as directional or 
incomplete tangible natural mapping. Similarly, a plastic shell was enough to change 
the type of NMCI in Study Two from incomplete tangible to realistic tangible, even 
though the recognition of control actions was the same and a more realistic control 
interface than the RSM could certainly be imagined.  
The pattern of results has also not always been consistent across player 
experience measures, suggesting that dimensions of natural mapping could be 
conflated in the existing NMCI types. This is especially true when looking at 
differences between NMCI types that are next to each other on the natural mapping 
continuum, such as differences between the incomplete and realistic tangible NMCI 
types. Significant variations between these NMCI types were only shown for 
Progress and Presence in Study One, while Study Two failed to reveal differences for 
only Autonomy and Perceived Naturalness of CAM. Some of the differences 
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between the kinesic and incomplete tangible NMCI types in Study Two were also 
inconsistent with broader research (Birk & Mandryk, 2013; J. Downs et al., 2014; 
Shafer et al., 2011), suggesting that further consideration is required in terms of how 
these types are classified. In the current research programme, these differences have 
suggested interpretations regarding the impact of tangibility or realism in control 
interface and the benefits and demands of increased control fidelity, although these 
attributes have been difficult to decouple from the overall level of natural mapping 
reflected in the ordered NMCI types. 
6.3.1 A Revised Approach to NMCI Classification 
In the current research programme, the dimensions or attributes of NMCIs 
identified in previous work have been clarified and redefined, such that ‘prop 
fidelity’ fits within a dimension labelled ‘realism’, ‘interaction fidelity’ fits within 
the ‘bandwidth’ dimension and aspects relating to interaction correspondence 
through mental model matching fall within the ‘naturalness’ dimension (Freeman et 
al., 2012; Skalski et al., 2011). All three dimensions—realism, bandwidth and 
naturalness—can be conceptualised as contributing to the NMCI position on the 
natural mapping continuum, which is shown in Figure 6.2, as measured from ‘absent’ 
at one end to ‘complete’ at the other. An example of applying the NMCI Dimensions 
Framework is presented in Figure 6.2 as assessing the NMCIs tested in the current 
research programme, using conceptual markers (low, moderate, considerable and 
high) along the continuum to indicate the assessed strength of each dimension and its 
contribution to the overall level of natural mapping in the implemented control 
interface. As with the classification of NMCIs using the existing NMCI typology, 
presented in section 3.3, the NMCI Dimensions Framework is applied within the 
context of the control interface mapping for a specific gaming context. Similarly, this 
assessment is also a generalisation that prioritises the dimensional attributes of the 
primary control action (i.e. for the core game mechanic) over any secondary control 
actions. The discussion that follows defines each dimension in more detail, using 
illustrative examples from the current research programme as well as broader 
contexts. The presentation of this new NMCI Dimensions Framework is not intended 
to be final or exhaustive, but rather is provided for application, testing and 
refinement in future NMCI research. 
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Figure 6.2. NMCI Dimensions Framework applied to the  
current research programme’s NMCIs. 
Realism 
Realism covers physical attributes of aesthetics, form and feedback, defining 
the extent to which the control interface embodies the physical properties of the 
equivalent real-life interface or tool/s, including attributes such as colour, size, shape, 
weight, texture and even smell. Feedback might be haptic (by using rumble, force or 
resistive feedback motors, or haptic display technologies) or engage other senses (for 
example, by using visual, aural or olfactory feedback through the control interface) 
to provide an increased perception of realistic embodied interaction in the simulated 
virtual environment. Realism also extends to the distribution of the control interface 
in the physical environment, such as a RacingWheel controller with foot pedals or a 
gun controller with tangible clips for reloading. However, it does not automatically 
imply that a control interface must include tangible components to increase realism, 
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as a more realistic control interface for some games could be one that simply 
recognises movement of the player’s hands or body (e.g. a game that uses hand 
signals or a martial arts training game). In these cases, a kinesic naturally mapped 
interface with high bandwidth and high naturalness might be the most complete 
NMCI possible, although realism could still play a role in terms of the haptic 
feedback provided to the player (e.g. via a body suit). In the current research 
programme, the three NMCIs tested in each study show differing levels of realism. 
The Controller and Kinect have low realism, as their physical attributes possess 
limited similarities to the simulated activities (e.g. the Controller is tangible, round, 
rumbles and is held by both hands while the interaction space for Kinect is flat and 
open like a tennis court and the player needs to be within this space to play). 
Differences in realism between the Move and RSM also played a clear role in 
influencing the player experience and intuitive use, with greater realism in the RSM 
(through physical affordance and aesthetics) supporting more positive outcomes. 
Bandwidth 
Bandwidth covers the number and range or fidelity of the channels in the 
control interface that are used for capturing the player’s physical control actions to 
trigger the corresponding virtual control actions in the game. This dimension covers 
input technologies from buttons, touch screens and voice capture to movement 
sensors such as accelerometers and gyroscopes as well as skeletal tracking and depth 
cameras. The fidelity component of this dimension is set by the complexity or 
sensitivity of the data captured by a control interface, reflecting elements such as the 
range or resolution of the data as well as latency or refresh rates (Lombard & Ditton, 
1997; Steuer et al., 1992). This explains why relevant previous discussion 
descriptively referred to this attribute as ‘control fidelity’, although this fidelity is set 
and constrained by the bandwidth of the control interface technology and 
implemented mapping design. These attributes can contribute to the extent that less 
precise or incomplete physical control actions (e.g. gestures or words) are recognised 
by the game, and as such can modify the game’s demands. 
The bandwidth dimension does not, however, reflect whether the physical 
control action matches the virtual control action or equivalent real-life actions of the 
simulated activity. For example, control actions such as spell selection in an RPG 
might be determined by certain hand gestures, making the action reliant on the 
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assigned bandwidth to capture this control input while potentially having low realism 
and naturalness. This distinction is highlighted by Nacke et al.’s (2011) work with 
biometric sensors as control inputs, where the mappings from inputs were not 
necessarily naturally mapped, yet could still have a high bandwidth. This also means 
that bandwidth might not be enough to increase the overall natural mapping level of 
the control interface by itself (some level of realism or naturalness is also likely 
required). The bandwidth dimension is higher for the implementation of the Move in 
Study Two, as the virtual control action of racket swing is mapped to multiple 
channels of control input data (accelerometer, gyroscope and image sensor data) to 
allow for a higher bandwidth to track movement, including racket rotation. Even 
though Kinect (and certainly the most recent Kinect for Xbox One) might be capable 
of a higher bandwidth (e.g. more accurate movement sensing as well as voice and 
heart rate capture), the bandwidth for the Kinect implementation measured in Study 
Two is lower, as image sensor data (skeletal mapping) captures only the position and 
force of the swing (and not the rotation of the arm). In Study One, differences in 
bandwidth primarily reflect the sensitivity and range of motion allowed for in the 
capture of the main control action (steering), though the same could also be said for 
the secondary control actions (accelerate and brake). 
Naturalness 
Naturalness, in line with the definition for natural mapping, refers to the extent 
to which the physical and virtual control actions correspond with those that would be 
required when engaging in the equivalent real-life activity. In other words, 
naturalness gauges the extent to which both ends of the control interface (physical 
and virtual) match the appropriate mental model (Skalski et al., 2011). For example, 
when playing a tennis game, naturalness is high when the player can interact with the 
control scheme by moving their body and swinging their arm as they would in a real 
game of tennis. Coupling this with other dimensions can increase the overall level of 
natural mapping for the implemented control interface. For example, coupling high 
naturalness with high bandwidth can ensure greater correspondence between physical 
and virtual control actions (e.g. the visual feedback from the game shows the 
character crouching like the player as they take a low forehand swing). Coupling 
high naturalness with high realism can also increase natural mapping, as perceptual 
and proprioceptive feedback will both match the appropriate mental model (e.g. the 
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player feels the weight of the racket in their hands as they swing it to hit the ball). 
The difference in naturalness in Study Two reflects the impact of a weighted tangible 
component on the potential to interact in a way that corresponds with the mapped 
activity. That is, when using a kinesic NMCI for this naturally mapped activity 
(tennis), movement is affected by the lack of a tangible component to manipulate in 
the space in the same way as during a real-life game of tennis. A similar difference is 
shown between the SpeedWheel and RacingWheel in Study One, where failing to fix 
the wheel in space limits how the player can interact with it in way that corresponds 
with the equivalent real-life activity. 
Previous Work Relevant to the NMCI Dimensions Framework 
This new framework for assessing the dimensions of NMCIs for video games 
also relates to previous frameworks that aimed to articulate the dimensions of TEIs in 
HCI research (Fishkin, 2004; Hornecker & Buur, 2006; Koleva et al., 2003; Wyeth, 
2008). Table 6.1 identifies some of the constructs and properties from previous 
relevant NMCI, HCI and broader research frameworks (see section 2.3) that contain 
conceptually similar aspects to the proposed dimensions for NMCIs. Note that the 
terms can appear in multiple categories, highlighting the need for distinction that is 
achieved with the proposed NMCI dimensions framework for video games. Realism 
covers the physical properties of the tangible or embodied interface, which helps to 
create the illusion of singularity between the control interface and system response. 
The naturalness and bandwidth dimensions cover other aspects of correspondence 
and complexity in the control interface. Coherence and embodiment are likely to be 
high when the control interface assumes a singular purpose and representational 
aspects are aligned, although this could be satisfied in part by increased realism, 
bandwidth or naturalness. The level of representation complexity in video games is 
determined by the complexity of the game mechanics and the number of control 
actions that need to be naturally mapped. As such, it might be harder for more 
complex games to create the illusion of strong coherence or full embodiment, yet the 
general focus in video games on a primary mechanic or control action allows natural 
mapping in these systems to be assessed in a more generalised way. Previous HCI 
frameworks might therefore be more useful for comparing video games to more 
utilitarian interactive systems, or as a generalisation of the complexity of and 
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correspondence between their paired ‘atoms’ and ‘bits’ (Ishii & Ullmer, 1997; 
Ullmer & Ishii, 2000).  
Table 6.1 
Dimensions of NMCIs Compared with Previous NMCI and HCI Research 
NMCI 
Dimensions NMCI Research Constructs/Properties 
HCI/Other Research 
Constructs/Properties 
Realism Prop Fidelity (Freeman et al., 2012) 
Controller Naturalness, Realistic/ 
Tangible, Look & Feel (McGloin et al., 
2011; Skalski et al., 2011) 
Metaphor of noun (Fishkin, 2004) 
Representational Dimension (Wyeth, 
2008) 
 
Bandwidth Interaction Fidelity (Freeman et al., 2012) 
Technological Interactivity (Shafer et al., 
2011) 
Movement Recognition Precision (Nijhar 
et al., 2012) 
Effectance (Klimmt et al., 2007) 
Functionality (Brown et al., 2010) 
Sensing of Interaction/Cardinality of Link 
(Coherence) (Koleva et al., 2003) 
Control Dimension (Wyeth, 2008) 
Range (Lombard & Ditton, 1997; Steuer 
et al., 1992) 
Speed (Lombard & Ditton, 1997; Steuer et 
al., 1992) 
Naturalnes
s 
Controller Naturalness, Feel, Realistic 
Motions, Natural Mapping, Mental Model 
Matching (McGloin et al., 2011; Skalski et 
al., 2011), Realism and Intuitiveness 
(Johnson et al., 2002) 
Metaphor of verb (Fishkin, 2004) 
Transformation/Cardinality of Link 
(Coherence) (Koleva et al., 2003) 
Representational Dimension (Wyeth, 
2008) 
Mapping (Steuer et al., 1992) 
Correspondence (Lombard & Ditton, 
1997) 
 
Combining the Dimensions of Natural Mapping 
Beyond the level of correspondence between individual control actions for 
each dimension, the combined effect of higher correspondence for multiple control 
actions across dimensions has the potential to increase natural mapping as a whole. 
For example, in an FPS game, the control interface might have high realism by 
possessing the physical attributes of a gun, but low bandwidth and naturalness 
diminishing the overall level (and likely perceptions) of natural mapping. Integrating 
higher levels of bandwidth and naturalness in the interface will increase the overall 
level of natural mapping, to the current extreme ‘complete’ on all levels—where the 
player is running on an omni-directional treadmill for movement, has a realistic gun 
controller with force feedback in their hands for aiming and shooting and is wearing 
VR goggles to control where they are looking in the virtual environment. This also 
explains why none of the dimensions for the NMCIs in the current research 
programme were assessed as fully ‘complete’, since a higher level of realism, 
bandwidth and naturalness can be imagined for each NMCI. Although realism and 
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naturalness rely on an equivalent real-life activity to assess, which is also satisfied 
for both studies, control actions for imagined activities or those that use metaphorical 
control actions could base their assessment of natural mapping on the assumed 
mental model for the fictional activity or action. For example, a game where players 
can fire magic from their hands can use the metaphor of the player projecting energy 
out from their palms, which has also been established as a mental model in mass 
culture through representations such as magicians casting magic or Jedi using the 
Force. 
The NMCI types presented by Skalski et al. (2011), and explored further in this 
and other work, are thus more of a descriptive generalisation of the natural mapping 
dimensions for specific NMCIs. For example, the kinesic NMCI type roughly 
describes an NMCI with low realism and moderate bandwidth and naturalness. The 
incomplete tangible NMCI type implies moderate realism, and considerable 
bandwidth and naturalness, while the realistic tangible NMCI type implies a higher 
level of natural mapping across all three dimensions. Although the layout and 
features of a control interface might imply that it should be classified as a specific 
NMCI type (or at a particular level on the natural mapping continuum), this needs to 
be considered on a case-by-case basis. This explains some of the inconsistencies 
found in existing NMCI research, where certain control interfaces (such as the Wii or 
Kinect) have at times been assumed to be more natural simply because of the way 
they can track motion, without this being qualified with a dimensional assessment of 
the mapping of control actions for the NMCI in the tested game. This 
implementation of control interface mapping can be determined by design choices in 
the development team that might be directed by technological constraints in the 
supported control interfaces or by other design considerations such as target 
audience, difficulty or avoiding player fatigue. As suggested in section 6.2.3, it is 
also likely that an interaction exists between technological constraints and gaming 
context such that certain types of games (e.g. those with limited mechanics based on 
real-life activities with a pervasive mental model) lend themselves to NMCIs with 
higher natural mapping more easily than others. As with the last breakthrough of 
NMCIs in the games industry (i.e. the enthusiasm that greeted the Wii and Kinect), 
emerging VR systems are likely to encourage a new wave of gaming contexts testing 
these boundaries. 
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6.4 LIMITATIONS AND FUTURE WORK 
While the current research programme presents important empirical work on 
the impact of NMCIs on the player experience and intuitive interaction with video 
games, there are some limitations in the approach that suggest opportunities for 
future research. The main limitation relates to the generalisability of findings given 
the gaming contexts that were used as stimulus material. First, the impact of the 
directional and kinesic NMCI types (the Controller in Study One and Kinect in Study 
Two) are generalised from their context in each study, since each type was only 
tested once. More work is needed to examine these NMCI types, especially in terms 
of their distinct differences when directly compared (and consequently, their precise 
positioning on the NMCI typology). The proposed dimensions of NMCIs for video 
games suggests that a kinesic NMCI type might be more highly naturally mapped in 
a gaming context not dependent on tangible control interfaces, in turn supporting a 
more positive player experience, but this hypothesis requires empirical validation. 
Furthermore, a research programme targeted at validating the proposed dimensions 
of NMCIs for video games would almost certainly reveal further qualifications for 
the effects of these criteria. 
Similarly, the game genres explored in the current research programme are 
those that commonly support NMCIs due to the ease of naturally mapping from the 
equivalent real-life activities. Games that draw more heavily on less literal mapping 
analogies, with more obscure, mixed or metaphorical mental models, might provide 
further insight into the relationship between natural mapping and the studied 
outcomes. Additional factors related to the gaming context might also further qualify 
the findings presented in the current research programme. NMCIs are commonly 
used in emerging VR interfaces, presenting additional technological and interaction 
factors to consider. For example, the role of the proposed dimensions of NMCIs 
could change as feedback moves from a relatively distant screen to one that occludes 
visual feedback from the play environment. Further work on NMCIs in gaming 
contexts other than the typical living room environment is also needed, such as PC 
gaming setups and mobile, tablet and augmented reality gaming contexts. The 
findings of the current research programme might also be tested more broadly—for 
example, using NMCIs for systems with a more utilitarian purpose, such as data 
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visualisation and manipulation, or in fields such as engineering, mining or 
healthcare. 
The acknowledgement that NMCI types and dimensions can be assessed at the 
level of CAM suggests that perceived naturalness might be better assessed on a 
control action basis in some contexts rather than by sampling overall impressions. 
The Perceived Naturalness of CAM measure presented in the current research 
programme could be easily adapted to sample perceived satisfaction of the three 
proposed natural mapping dimensions. That is, future research could attempt to 
assess the mapping of each of the main control actions by its realism, bandwidth and 
naturalness. Existing scales mix these attributes together to sample an overall 
impression that should, however, be indicative of this component-based approach 
(Abeele et al., 2013; McGloin et al., 2011; Skalski et al., 2011), and might be better 
suited to a less technical or lower GTF participant sample. However, research that 
aims to assess the level of completeness of natural mapping for a specific control 
interface implementation might be better equipped with the control action-based 
approach presented in this research. In line with this, future work might also explore 
the relationship between the natural mapping of individual control actions and the 
overall assessment of the natural mapping of the control interface. 
Since the current research programme has focused on addressing the research 
questions through mainly quantitative analysis of subjective responses, future work 
would also have the opportunity to adopt other analysis approaches. This could 
include further qualitative analysis of why different NMCIs are preferred by different 
players, exploring the suggested links between these preferences and the 
demonstrated patterns of player experience effects. Although counterbalancing was 
used to control for any confounding effects of the repeated-measures design, a 
between-groups design for the main independent variable may further attenuate some 
of the large contrasts in effects. Different approaches to measuring the player 
experience might also yield further insight into the impact of NMCIs, such as using 
biometric measures for player experience assessment. Generally, this has been 
avoided with NMCI research due to the interference posed by the level of movement 
naturally associated with these types of control interfaces, yet advancements in 
biometric technologies and sampling methods might provide opportunities for these 
impacts to be explored further (Nacke, 2010, 2015). Future work may also choose to 
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take a different statistical approach than repeated-measures ANOVA, such as 
multiple regression or path modelling, to potentially focus less on the differences 
between NMCI conditions and more on the relationship between key player 
experience and intuitive use variables in this domain. 
The work adapting familiarity and intuitive use measures for the current 
research programme also represents some of the first empirical work on intuitive 
interaction in the games research domain. This naturally presents a range of 
opportunities for future work to either further validate the proposed approaches or 
present alternative methodologies for measuring the relevant important constructs. 
Similar to previous work, intuitive use measures for the current research programme 
generalised effectiveness and efficiency into scores that revealed knowledge transfer 
when analysed using relevant familiarity (Blackler & Popovic, 2015). However, 
other measures used to code intuitive uses in utilitarian system such as verbalisation 
and more granular analysis of mental efficiency during tasks were not presented. 
This leaves room for future work to similarly adapt these approaches for video 
games, however additional challenges may arise in this domain given the lack of 
clarity around whether individual control actions are ‘correct’ or ‘on task’ in such 
affect-focused and dynamic 3D environments. Furthermore, the meaning of ‘user’ 
verbalisations might be changed in this domain and could be disruptive to the player 
experience if forced. While the participant sample attained for this research was 
broad and varied compared with existing work in the NMCI research domain, future 
work could attempt to gain more representative samples or choose to focus on more 
targeted user groups. For example, the limited sample of older participants in this 
research programme somewhat constrained the generalisability of the findings for 
this group. Future work could therefore choose to focus on outcomes with a larger 
group of older participants, or explore the findings related to other target user groups, 
such as hardcore gamers. Another possible avenue for future work is exploring how 
GTF that relates to the game’s virtual aspects (e.g. the user interface or game 
mechanics) influences intuitive interaction. Regardless of the precise focus, the 
current research programme highlights the value of carefully measuring and 
assessing relevant player characteristics. 
Finally, since a relatively wide and exploratory approach was taken to player 
experience and intuitive interaction measurement, future research could focus on 
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explicating specific relevant areas in more detail. For example, the findings related to 
aspects of the player experience that have been rarely measured, such as Autonomy 
and perceived Intuitive Controls, require further exploration through NMCI research. 
Flow, as a component of the player experience that has an ongoing focus in games 
research (Klarkowski et al., 2015; C. Lee et al., 2015; Limperos et al., 2011; 
Schmierbach et al., 2012; Sweetser & Wyeth, 2005), might be further explicated by 
rigorous NMCI research. Similarly, and perhaps relatedly, the affective component 
of intuitive interaction is an area that has received little attention that might be well 
suited to examination using NMCIs and video games as stimulus material. Another 
important area not targeted by the current research programme is the social 
component of the player experience. Some work already suggests a strong 
relationship between performative social play with NMCIs and broader player 
experience impacts (Bianchi-Berthouze, 2013; J. Downs et al., 2014), but more is 
needed to explore how different types or dimensions of NMCIs moderate these 
effects. The role of social attributes in facilitating or inhibiting intuitive interaction 
might also be investigated by future work in the games research domain.  
6.5 CONCLUSION 
This thesis set out to present a research programme that empirically explored 
the influence of different types of NMCIs for video games on the player experience 
and intuitive interaction. The research built on existing understanding of NMCIs to 
classify and test six different control interfaces, covering all four known types of 
NMCIs, across two controlled experiments with unique gaming contexts: a racing 
game and a tennis game. Relatively large and representative samples were recruited 
for the experiments. Relevant player characteristic measures were sampled and 
analysed to also determine their influence, including newly designed approaches to 
consistently sample GTF and RealLife Familiarity in a way that produced rich 
continuous variables theoretically grounded in previous intuitive interaction work 
(Blackler, 2008; Blackler & Popovic, 2015). A broad selection of relevant measures 
was captured to sample the player experience and intuitive use across the within-
subjects experiments. The data produced was analysed using a mix of inferential and 
descriptive statistical techniques. A detailed evaluation of the results within each 
study was undertaken before presenting a combined analysis across both studies, 
highlighting key findings and the contributions for relevant domains.  
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This research makes four significant contributions to the body of knowledge. 
First, it represents important initial empirical work to test the influence of NMCI 
types on the player experience, covering all the types proposed by Skalski et al. 
(2011). The results not only validate hypotheses about the impact of NMCI types on 
perceived Naturalness, Presence and Enjoyment, but also extend understanding of 
their influence to a broader view of the player experience, in some cases for the first 
time showing a clear influence set by the natural mapping level. The NMCIs tested 
produced significant differences across the full range of player experience variables 
sampled across studies. Broadly, more naturally mapped control interfaces were 
shown to have a positive influence on the player experience of video games. NMCIs 
with higher natural mapping led to higher levels of perceived Naturalness, 
Enjoyment, Flow, Presence and Autonomy, and were more preferred than control 
interfaces with less natural mapping. In Study One, this was despite players 
indicating less familiarity with these control interfaces and generally performing less 
well with them. In Study Two results generally aligned with familiarity and intuitive 
use, with increased Competence also shown on the more naturally mapped interfaces, 
and the NMCI with increased physical realism through only the addition of a plastic 
shell also largely provoking a more positive response. 
Second, the work also makes significant contributions to advancing 
understanding of intuitive interaction with NMCIs and video games generally. It 
represents the most extensive empirical work on intuitive use in video games to date, 
with firm theoretical grounding from the field of intuitive interaction informing the 
design of new tools and approaches to measuring familiarity and intuitive use in 
games (Blackler, 2008; Blackler & Popovic, 2015; Hurtienne et al., 2010). 
Subjective measures of intuitive use suggest that NMCIs were perceived as more 
intuitive when they had higher levels of natural mapping, yet point to the influencing 
role of familiarity in shaping these perceptions. The objective intuitive use measures 
largely reflect the sampled level of GTF, in line with findings from intuitive 
interaction research; however, where differences exist, they point towards increased 
intuitive use gains from more naturally mapped control interfaces. The implications 
of these findings were mapped to a revised intuitive interaction framework (Figure 
6.1) to illustrate the connections between the natural mapping level in NMCIs and 
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pathways to intuitive use, knowledge types and intuitive interaction characteristics 
(Blackler et al., in press). 
Third, the way that different player characteristics affect the influence of 
NMCIs was also demonstrated in a clear and consistent way to reveal several 
important findings. Hardcore gamers’ aversion to NMCIs and the novelty effect of 
motion controls for casual gamers were empirically shown for the first time. Control 
interface familiarity (GTF) revealed effects showing how attributes of NMCIs such 
as realism and bandwidth influence the player experience and perceptions of intuitive 
use. Familiarity with the equivalent real-life interface was also shown to influence 
some player experience and intuitive use measures, although these were restricted to 
subjective responses. By contrast, differences in familiarity for characteristics such 
as age and gender primarily reflected different levels of previous gaming experience 
as measured by GTF, together showing that either higher GTF or increased natural 
mapping can lead to intuitive interaction. In all, relevant player characteristics 
revealed a more detailed picture of the influence of NMCI types. 
Finally, from this picture, the dimensions of natural mapping in NMCIs were 
identified and detailed in a new framework to aid with future research and design. 
This framework synthesised key findings from the current research programme with 
models and concepts from previous work to clearly define the three dimensions that 
determine the level of natural mapping in an NMCI: realism, bandwidth and 
naturalness. The framework was then applied to the NMCIs from the current research 
programme (Figure 6.2) and illustrated with further examples to offer initial evidence 
of its rigour and broad applicability. 
In all, this programme of empirical research clarifies the influence of different 
types of NMCIs for video games. NMCI impacts on the player experience and 
intuitive interaction have been shown to be substantial in short-term play in genres 
that easily support natural mapping, with effects often distinctly qualified by certain 
player characteristics. Overall, NMCIs with high natural mapping appear to offer 
improved player experience and intuitive interaction outcomes in these settings. 
While intuitive use can be based on relevant familiarity, the type and/or dimensions 
of the NMCIs used can offer compensatory effects, especially for less experienced 
players. The benefits of the highest levels of natural mapping appear to largely apply 
across player characteristics, offering improved player experience and intuitive use 
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outcomes for all, in turn yielding a high preference for play with these types of 
control interfaces. While these effects might not apply to all gaming contexts, and 
relevant technologies continue to develop and be used in a more integrated way, the 
influence of different types of NMCIs for video games is now substantially clearer. 
This enables game designers to make better informed choices when it comes to 
designing or selecting control interfaces to support in their games. It also presents 
multiple pathways and new tools for researchers to further explore the influences of 
different control interfaces and relevant familiarity on the player experience, intuitive 
interaction and beyond. 
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Appendix A 
Study One Script and Supporting Materials 
Study One Setup Checklist 
The following checklist was used to setup and disassemble Study One in the 
initial Games Research and Interaction Design (GRID) lab. 
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Study One Introductory/Player Characteristic Questionnaire Script 
The following was used as the introductory and player characteristics 
questionnaire script for Study One. It includes the additional information and 
guidance provided during the player characteristics questionnaires (including GTF). 
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Study One Condition Script Example 
The following script was used for the first order of counterbalanced conditions 
in Study One, and follows directly on from the above script. The other five condition 
scripts naturally varied the order of the control interfaces and related instructions. 
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Appendix B 
Study Two Script and Supporting Materials 
Study Two Setup Checklist 
The following checklist was used to setup and disassemble Study Two in the 
Games Research and Interaction Design (GRID) lab at QUT. 
 
  
Appendices 229 
Study Two Introductory/Player Characteristic Questionnaire Script 
The following script was used as the introductory and player characteristics 
questionnaire script for Study Two. It includes the additional information and 
guidance that could be provided during the questionnaires (including for GTF). 
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Study Two Condition Script Example 
The following script was used for the first order of counterbalanced conditions 
in Study Two, and follows directly on from the above script. The other five condition 
scripts naturally varied the order of the control interfaces and related instructions. 
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Appendix C 
Ethical Clearance for the Research Programme 
Study One Ethics Approval 
Ethics approval for Study One is shown below. 
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Study Two Ethics Approval 
Ethics approval for Study Two is shown below. 
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Appendix D 
Study One Recruitment Materials 
Study One Recruitment Email 
The following email was used for Study One recruitment. 
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Study One Social Media Post 
The following text was used to set up the Study One Facebook recruitment 
page. 
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Study One Recruitment Flyer 
The following recruitment flyer was used for Study One. 
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Study One Information Consent Form 
The following information consent form was used for Study One. 
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Appendix E 
Study Two Recruitment Materials 
Study Two Recruitment Email 
The following email was used for Study Two recruitment. 
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Study Two Social Media Post 
The following text was used to set up the Study Two Facebook recruitment 
page. 
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Study Two Recruitment Flyer 
The following recruitment flyer was used for Study Two. 
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Study Two Information Consent Form 
The following information consent form was used for Study Two. 
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Appendix F 
Study One Player Characteristics Instruments (including GTF) 
Study One Pre-GTF Player Characteristics Questions 
Participants were presented with following questionnaire on screen while the 
researcher guided them using the ‘Introductory/Player Characteristics Questionnaire 
Script’ in Appendix A. The ‘Game Demographics 2’ pages did not appear if the 
participant indicated that they had never played a game in ‘Game Demographics 1’. 
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Study One GTF Questionnaire 
The following images represent the GTF questionnaire as implemented for 
Study One. It was presented as a guided questionnaire using the ‘Introductory/Player 
Characteristics Questionnaire Script’ in Appendix A. The second page for each item 
did not appear if the participant indicated that they had never used it before. 
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Study One Final Player Characteristics Questions 
Participants were given the following demographics questions following the 
GTF instrument in Study One; these were the last of the player characteristics 
questionnaires (as shown in the ‘Ready for first condition’ screen image). 
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Appendix G 
Study Two Player Characteristics Instruments (including GTF) 
Study Two Pre-GTF Player Characteristics Questions 
Participants were presented with the following questionnaire on screen to 
participants while the researcher guided them using the ‘Introductory/Player 
Characteristics Questionnaire Script’ in Appendix B.  
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Study Two GTF Questionnaire 
The following images represent the GTF questionnaire as implemented for 
Study Two. It was presented as a guided questionnaire using the ‘Introductory/Player 
Characteristics Questionnaire Script’ in Appendix B. The text and images have been 
reformatted to fit a portrait aspect ratio. 
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Study Two Final Player Characteristics Questions 
Participants were given the following demographics questions following the 
GTF instrument in Study Two; these were the last of the player characteristics 
questionnaires (as shown in the ‘Ready for first condition’ screen image). 
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Appendix H 
Study One Post-Play Instruments 
Study One Post-Play Survey Example 
The following instruments were administered to participants following the play 
session with each control interface condition in Study One. Only one post-play 
condition survey example is included below, as the other condition surveys are 
identical with the ‘[Q52]’ text automatically replaced with the relevant control 
interface name selected by the researcher on the screen shown below. Please note 
that the items for commercial survey instruments have been redacted. 
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Study One Interview Sheet Example 
The following page shows the sheet that was used to make notes during the 
condition and final interviews in Study One (for backup/reference or in case the 
participant refused to have the interview audio recorded). The example shown is for 
the first condition order. 
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Appendix I 
Study Two Post-Play Instruments 
Study Two Post-Play Survey Example 
The following instruments were administered to participants following the play 
session with each control interface condition in Study Two. Only one post-play 
condition survey example is included below, as the other condition surveys are 
identical with the ‘[Q70]’ text automatically replaced with the relevant control 
interface name selected by the researcher on the screen shown below. Please note 
that the items for commercial survey instruments have been redacted. 
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Study Two Preferences and Feedback Instruments 
The following screens appeared after completion of the post-play survey for 
the third control interface in Study Two to capture overall preferences and final 
feedback. The ‘[Q70]’, ‘[Q80]’ and ‘[Q90]’ text markers were automatically 
 318 Appendices 
replaced with the names for the control interface conditions in the order they were 
encountered by the participant. 
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Appendix J 
Study One Descriptive Statistics and Results Data 
Details for the Between-Subject Factors 
The following table presents the details for the between-subject factors used in 
Study One, including the factor descriptions and descriptive statistics for each group.  
Study One Between-Subject Factors Descriptions and Statistics 
 Age Gender Combined NMCI GTF 
RaceLife 
Familiarity 
Factor 
Description 
Age of the 
Participant, in 
three groups 
Gender of the 
Participant 
Sum of the three 
relevant NMCI 
Game Technology 
Familiarity Scores 
in three groups 
Real-life 
racing/driving 
familiarity in 
three groups 
Group 1 
Name and 
Descriptive 
Statistics 
Youngest 
n = 22 
Range = 17-24 
M = 21 
SD = 2.15 
% Male = 72.7 
Male 
n = 43 
Sample % = 67.2 
Ages 17-55 
Age M = 28.1 
Age SD = 8.4 
Low 
n = 23 
Range = 0-7.7 
M = 3.92 
SD = 2.82 
Ages 23-76 
Age M = 36.5 
Age SD = 12.8 
% Male = 60.9 
Low 
n = 21 
Range = 0-7.14 
M = 3.65 
SD = 2.29 
Ages 17-29 
Age M = 23.1 
Age SD = 3.84 
% Male = 76.2 
Group 2 
Name and 
Descriptive 
Statistics 
Middle 
n = 22 
Range = 25-30 
M = 28 
SD = 1.69 
% Male = 68.2 
Female 
n = 21 
Sample % = 32.8 
Ages 18-76 
Age M = 33 
Age SD =13.4 
Middle 
n = 21 
Range = 8.34-14.2 
M = 10.8 
SD = 1.74 
Ages 18-43 
Age M = 28.2 
Age SD = 7.11 
% Male = 57.1 
Middle 
n = 20 
Range = 7.3-10.7 
M = 9.6 
SD = 1.25 
Ages 19-43 
Age M = 29.8 
Age SD = 7.08 
% Male = 55 
Group 3 
Name and 
Descriptive 
Statistics 
Oldest 
n = 20 
Range = 31-76 
M = 41.2 
SD = 11.2 
% Male = 60 
n/a High 
n = 20 
Range = 16-30.9 
M = 22 
SD = 4.51 
Ages 17-34 
Age M = 23.4 
Age SD = 4.75 
% Male = 85 
High 
n = 23 
Range = 10.9-19.6 
M = 12.1 
SD = 1.89 
Ages 20-76 
Age M = 35.7 
Age SD = 13.3 
% Male = 69.6 
 
Full Mean and Standard Error Results 
The following table presents the mean and standard error data for all the inferential 
statistical tests in Study One. 
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Estimated Marginal Means (M) and Standard Errors (SE) for Study One 
Dependent 
Variable 
BS Factor 
Name BS Factor Level 
Controller SpeedWheel RacingWheel 
M SE M SE M SE 
NMCI 
GTF 
Score 
Age 
Youngest 9.04 0.896 5.8 0.611 1.94 0.309 
Middle 4.91 0.896 4.01 0.611 1.63 0.309 
Oldest 3.43 0.939 2.97 0.641 1.37 0.325 
Gender Male 6.8 0.704 4.56 0.466 1.95 0.213 Female 3.96 1.01 3.75 0.666 1.05 0.304 
Perceived 
Naturalness 
of CAM 
Age 
Youngest 4.56 0.36 4.65 0.304 4.91 0.277 
Middle 4.71 0.36 4.88 0.304 5.38 0.277 
Oldest 4.15 0.377 4.63 0.319 4.84 0.29 
Gender Male 4.84 0.246 4.78 0.216 5.27 0.194 Female 3.76 0.352 4.62 0.309 4.6 0.277 
Combined 
NMCI GTF 
Low 3.94 0.343 4.57 0.296 4.79 0.271 
Middle 4.57 0.359 4.94 0.31 5.3 0.284 
High 5.02 0.367 4.68 0.32 5.08 0.291 
RaceLife 
Familiarity 
Low 4.67 0.37 4.76 0.309 5.16 0.283 
Middle 4.53 0.379 4.47 0.317 5.3 0.29 
High 4.28 0.354 4.91 0.295 4.73 0.27 
Flow 
(GEQ) 
Age 
Youngest 2.75 0.182 2.87 0.176 3.3 0.191 
Middle 3.53 0.182 3.57 0.176 3.49 0.191 
Oldest 3.33 0.191 3.51 0.185 3.56 0.201 
Gender Male 3.35 0.135 3.4 0.133 3.49 0.137 Female 2.87 0.193 3.13 0.191 3.62 0.195 
Combined 
NMCI 
GTF 
Low 3.31 0.19 3.83 0.183 3.33 0.187 
Middle 3.25 0.199 3.45 0.191 3.6 0.196 
High 3.01 0.204 3.09 0.196 3.42 0.201 
RaceLife 
Familiarit
y 
Low 3.03 0.199 2.95 0.186 3.39 0.197 
Middle 3.24 0.204 3.5 0.19 3.55 0.202 
High 3.31 0.223 3.48 0.178 3.41 0.188 
Presence 
(PENS) 
Age 
Youngest 3.25 0.268 3.53 0.288 3.9 0.298 
Middle 4.36 0.268 4.44 0.288 4.82 0.298 
Oldest 4.14 0.281 4.36 0.302 4.94 0.313 
Gender Male 3.99 0.204 4.18 0.213 4.47 0.219 Female 3.75 0.292 3.94 0.305 4.26 0.314 
Combined 
NMCI 
GTF 
Low 4.13 0.28 4.45 0.284 4.55 0.301 
Middle 3.87 0.293 4.24 0.297 4.49 0.315 
High 3.71 0.3 3.56 0.304 4.14 0.322 
RaceLife 
Familiarit
y 
Low 3.66 0.293 4.09 0.308 4.46 0.314 
Middle 4.07 0.3 3.95 0.315 4.63 0.322 
High 4.01 0.28 4.24 0.294 4.15 0.3 
Autonomy 
(PENS) 
Age 
Youngest 3.18 0.295 3.25 0.298 3.79 0.323 
Middle 4.27 0.295 4.39 0.298 4.59 0.323 
Oldest 3.98 0.309 4.23 0.313 4.23 0.339 
Gender Male 4.01 0.217 4.11 0.223 4.33 0.233 Female 3.4 0.31 3.64 0.319 3.94 0.334 
Combined 
NMCI 
GTF 
Low 4 0.303 4.38 0.302 4.25 0.324 
Middle 3.65 0.318 3.91 0.316 4.1 0.339 
High 3.75 0.325 3.51 0.324 4.27 0.347 
RaceLife 
Familiarit
y 
Low 3.73 0.319 3.86 0.325 4.05 0.336 
Middle 3.9 0.327 3.89 0.333 4.52 0.344 
High 3.8 0.305 4.09 0.311 4.07 0.321 
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Dependent 
Variable 
BS Factor 
Name BS Factor Level 
Controller SpeedWheel RacingWheel 
M SE M SE M SE 
Competence 
(PENS) 
Age 
Youngest 4.96 0.311 4.76 0.33 4.65 0.341 
Middle 4.91 0.311 5.11 0.33 5.05 0.341 
Oldest 4.22 0.326 4.13 0.346 4.21 0.358 
Gender Male 4.96 0.219 4.95 0.235 4.87 0.243 Female 4.19 0.314 4.13 0.336 4.2 0.348 
Combined 
NMCI GTF 
Low 3.9 0.284 4.19 0.324 4.25 0.334 
Middle 5.1 0.297 5.03 0.339 4.68 0.35 
High 5.23 0.304 4.88 0.348 5.07 0.358 
RaceLife 
familiarity 
Low 4.68 0.326 4.71 0.347 4.73 0.357 
Middle 4.75 0.334 4.43 0.356 4.6 0.366 
High 4.7 0.312 4.87 0.332 4.62 0.341 
Perceived 
Intuitive 
Controls 
(PENS)  
 
Age 
Youngest 5.91 0.32 5.73 0.244 5.7 0.228 
Middle 5.61 0.32 5.83 0.244 6.05 0.228 
Oldest 4.52 0.336 5.45 0.256 5.61 0.239 
Gender Male 5.7 0.234 5.68 0.175 5.76 0.164 Female 4.7 0.335 5.67 0.25 5.84 0.235 
Combined 
NMCI GTF 
Low 4.57 0.311 5.46 0.233 5.41 0.218 
Middle 6.1 0.325 6.03 0.244 6.03 0.228 
High 5.98 0.333 5.97 0.25 5.97 0.234 
RaceLife 
Familiarity 
Low 5.95 0.34 5.67 0.25 5.52 0.233 
Middle 5.28 0.348 5.5 0.257 5.88 0.239 
High 4.91 0.324 5.84 0.239 5.95 0.223 
Progress 
Age 
Youngest 70.5 2.32 67.4 1.79 63.1 2.13 
Middle 64.5 2.32 61.6 1.79 57.3 2.13 
Oldest 59.5 2.63 61.8 2.04 57.2 2.42 
Gender Male 68.5 1.6 65.9 1.24 62 1.45 Female 57.7 2.48 58.6 1.91 53.2 2.23 
Combined 
NMCI 
GTF 
Low 57.1 2.52 57.8 1.72 52.9 2.07 
Middle 67.8 2.2 65.4 1.68 61.5 2.02 
High 71 2.52 68 1.72 63.6 2.07 
RaceLife 
Familiarit
y 
Low 67 2.54 62.7 1.92 59.2 2.27 
Middle 66 2.67 64.4 2.02 59 2.39 
High 63 2.54 64.2 1.92 59.9 2.27 
Errors  
 
Age 
Youngest 0.227 0.327 0.818 0.238 0.591 0.23 
Middle 0.909 0.327 1 0.238 1.05 0.23 
Oldest 2 0.343 0.85 0.249 1.05 0.242 
Gender Male 0.488 0.23 0.721 0.165 0.605 0.154 Female 2.1 0.329 1.24 0.236 1.48 0.221 
Combined 
NMCI 
GTF 
Low 2.22 0.297 1.26 0.225 1.17 0.225 
Middle 0.524 0.311 0.619 0.236 0.762 0.236 
High 0.15 0.318 0.75 0.241 0.7 0.242 
RaceLife 
Familiarit
y 
Low 0.571 0.364 1.14 0.24 0.905 0.235 
Middle 1.1 0.373 0.7 0.246 1.2 0.24 
High 1.35 0.348 0.826 0.23 0.609 0.224 
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Appendix K 
Study One Preference Results 
A full breakdown of preference results for each between-subject factor group 
for Study One is presented in the table below. These results are presented as a 
percentage of the relevant group size to enable comparisons across groups with 
different N. 
Descriptive Statistics for Post-Play Favourite Control Device 
  
Favourite Control Device 
as a Percentage of Group N 
Group Name N Controller SpeedWheel RacingWheel 
Youngest 22 22.7% 40.9% 36.4% 
Middle 22 22.7% 27.3% 50% 
Oldest 20 15% 35% 50% 
Male 43 23.3% 25.6% 51.2% 
Female 21 14.3% 52.4% 33.3% 
Low Combined NMCI GTF 23 8.7% 34.8% 56.5% 
Mid’ Combined NMCI GTF 21 14.3% 47.6% 38.1% 
High Combined NMCI GTF 20 40% 20% 40% 
Low RaceLife Familiarity 21 14.3% 28.6% 57.1% 
Mid’ RaceLife Familiarity 20 20% 35% 45% 
High RaceLife Familiarity 23 26.1% 39.1% 34.8% 
Overall Sample Totals 64 20.3% 34.4% 45.3% 
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Appendix L 
Study Two GTF Equations 
This section details the conversion of data from the GTF questionnaire to the 
GTF and TennisLife Familiarity scores in Study Two. 
Consolidating Response Values 
First, the time values from the multiple response fields for the initial (TI) and 
most recent (TR) times that the participant had used the item, as well as their average 
frequency (F) of use, had to be converted to single response values. For this process, 
and all conversions concerning time values a week or larger, the number of days in 
an average year (365.25, to allow for leap years) informed conversion values. The 
formula for calculating the consolidated response value (or DaysTotal) for TI, TR and 
F was thus: 
DaysTotal = (Years*365.25) + (Months*30.4375) + (Weeks*7) + Days 
Next, the average frequency (F) of use had to be determined for participants 
that had answered with the total number of times (n) used rather than a time value. 
For these participants the formula used to calculate the consolidated response value 
for frequency was: 
DaysTotal = (TI + 1 ‒ TR)/n 
In other words, their frequency was equal to the length of time that they had 
used the item divided by the number of times that they had used it. 
Finally, calculating the consolidated response value for average session 
duration (D) was simply a matter of multiplying the hours response by 60 and adding 
that to the minutes value to get the total number of minutes for this response. 
Converting Values into Scores 
As discussed in section 5.2.1, the same formula and scoring criteria applied for 
the GTF instrument in Study One was applied in Study Two to maintain consistency 
and reliability. In order to achieve this, the consolidated response values that were 
determined using the above process needed to be converted into scores to represent 
each variable in the GTF item score formula. The score ‘brackets’ set by the scored 
responses from GTF in Study One, as detailed in Table 5.1, were thus critical for 
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determining the formula to convert each consolidated response variable into the final 
variable scores for the initial (TI) and most recent (TR) times that the participant had 
used the item, their average frequency (F) of use, and their average session duration 
(D). 
As discussed in section 5.2.2, the response values underwent a linear 
conversion between each of their equivalent score ‘brackets’ (B) (or the scored 
selectable time responses from Study One). While transformations other than a linear 
mapping of time were considered, these alternative approaches were eventually 
excluded to avoid additional assumptions or complexity. The formula for this 
conversion for TI and TR and D was thus (where SG = the score value for the greater 
bracket, BG = the time value for the greater bracket, BS = the time value for the 
smaller bracket, and SS = the score value for the smaller bracket): 
T/D = ((SG - SS) * ((ResponseTotal – BS) / (BG – BS))) + SS 
For example, if a participant first used Kinect three years ago, most recently 
used it seven months ago, and the average duration of use was 90 minutes, then the 
TI, TR and D scores for that item would be calculated as: 
TI = ((3.2 – 2) * ((1095.75 – 365.25) / (1826.25 – 365.25))) + 2 = 2.6 
TR = ((2 – 1.6) * ((213.0625 – 121.75) / (365.25 – 121.75))) + 1.6 = 1.75 
D = ((2 – 1.75) * ((90 – 60) / (120 – 60))) + 1.75 = 1.875 
Finally, calculating the average frequency of use score (F) is slightly different 
since the higher response values (DaysTotal) for frequency actually represent a lower 
frequency of use, and so this score had to be inverted first. The relevant formula is 
thus (where M = the maximum time value for frequency in the sample, in this case 
(10228 /3) days or roughly every 9 years and 4 months): 
F = ((SG ‒ SS) * ((1 + M – ResponseTotal) – (M - BS)) / ((M - BG) – (M ‒ BS))) 
+ SS 
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To continue the previous example, if on average the participant used Kinect every 10 
days, then the F score for that item would be calculated as: 
F = ((2 – 1.75) * ((1 + (10228/3) – 10) – ((10228/3) - 28)) / (((10228/3) - 7) – 
((10228/3) - 28))) + 1.75 = 0.25 * (19 / 21) +1.75 = 1.9823 
With all the relevant scores calculated, the GTF item score can then be calculated 
using the relevant formula: 
 GTF item score = ((TI + 1) – TR) * (2 / TR) * ((F + D) / 2) 
In the case of our example, the GTF item score for Kinect would be calculated as: 
Kinect item score = ((2.6 + 1) – 1.75) * (2 / 1.75) * ((1.98 + 1.875) / 2) = 4.07 
A weighted average of the Kinect item score and the item score for similar camera-
based motion-control interfaces, in accordance with Table 5.2, would then be 
calculated to determine the kinesic GTF score, or the overall control interface 
familiarity score relevant to Kinect. Along with the other NMCI GTF scores, this is 
the score for which results are presented in Section 5.3.1, while the three NMCI GTF 
scores were summed together (and then divided into three groups) to create the 
Combined NMCI GTF between-subject factor levels. 
  
                                               
 
23 Note the score for F has been rounded to two decimal places here, but the full 
compound number would be retained in the dataset. 
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Appendix M 
Study Two Descriptive Statistics and Results Data 
Details for the Between-Subject Factors 
The following table presents the details for the between-subject factors used in Study 
Two, including the factor descriptions and descriptive statistics for each group. 
Study Two Between-Subject Factors Descriptions and Statistics 
 
Age Gender Combined NMCI GTF MostHours 
TennisLife 
Familiarity 
Factor 
Description 
Age of the 
Participant, 
in three 
groups 
Gender of 
the 
Participant 
Sum of the three 
relevant NMCI 
Game 
Technology 
Familiarity 
Scores, in three 
groups 
Highest ever 
number of 
hours of video 
game play in a 
single week, in 
three groups 
Real-life 
tennis/racket 
game familiarity, 
in three groups 
Group 1 
Name and 
Descriptive 
Statistics 
Youngest 
n = 41 
Range = 17-
22 
M = 19 
SD = 1.77 
% Male = 78 
Male 
n = 83 
Sample % = 
69.2 
Ages 17-61 
Age M = 27 
Age SD = 8.9 
Low 
n = 40 
Range = 0-4 
M = 1.94 
SD = 1.28 
Ages 17-62 
Age M = 32.3 
Age SD = 10.3 
% Male = 60 
Low 
n = 41 
Range = 0.5-25 
M = 14.4 
SD = 7.91 
Ages 18-62 
Age M = 33.6 
Age SD = 10 
% Male = 51.2 
Low 
n = 40 
Range = 0.37-
2.81 
M = 1.71 
SD = 0.752 
Ages 17-62 
Age M = 27.7 
Age SD = 9.53 
% Male = 65 
Group 2 
Name and 
Descriptive 
Statistics 
Middle 
n = 39 
Range = 23-
30 
M = 26.7 
SD = 2.39 
% Male = 
76.9 
Female 
n = 37 
Sample % = 
30.8 
Ages 17-62 
Age M = 30.6 
Age SD 
=10.8 
Middle 
n = 40 
Range = 4.06-6.93 
M = 5.39 
SD = 0.809 
Ages 17-61 
Age M = 28 
Age SD = 9.93 
% Male = 75 
Middle 
n = 39 
Range = 26-48 
M = 35.1 
SD = 5.81 
Ages 17-61 
Age M = 27.3 
Age SD = 9.19 
% Male = 69.2 
Middle 
n = 40 
Range = 2.88-
4.88 
M = 3.71 
SD = 0.614 
Ages 17-54 
Age M = 28 
Age SD = 9.83 
% Male = 72.5 
Group 3 
Name and 
Descriptive 
Statistics 
Oldest 
n = 40 
Range = 31-
62 
M = 38.8 
SD = 8.16 
% Male = 
52.5 
n/a High 
n = 40 
Range = 7.19-13.8 
M = 9.59 
SD = 1.68 
Ages 17-38 
Age M = 24 
Age SD = 6.48 
% Male = 72.5 
High 
n = 40 
Range = 50-
134 
M = 83.2 
SD = 26 
Ages 17-41 
Age M = 23.3 
Age SD = 6.43 
% Male = 87.5 
High 
n = 40 
Range = 4.94-
15.6 
M = 6.81 
SD = 1.84 
Ages 17-61 
Age M = 28.6 
Age SD = 9.73 
% Male = 70 
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Full Mean and Standard Error Results 
The following table presents the mean and standard error data for all the inferential 
statistical tests in Study Two. 
Estimated marginal means (M) and standard errors (SE) for Study Two 
Dependent 
Variable 
BS Factor 
Name BS Factor Level 
Kinect Move RSM 
M SE M SE M SE 
NMCI 
GTF 
Score 
Age 
Youngest 1.53 0.196 3.14 0.306 2.33 0.217 
Middle 1.01 0.201 2.65 0.314 2.01 0.223 
Oldest 0.942 0.198 2.12 0.31 1.14 0.22 
Gender Male 1.06 0.139 2.76 0.218 1.97 0.16 Female 1.41 0.208 2.37 0.327 1.52 0.24 
Perceived 
naturalness 
of CAM 
Age 
Youngest 3.15 0.217 4.66 0.201 4.71 0.194 
Middle 3.56 0.223 4.46 0.207 4.68 0.199 
Oldest 3.73 0.22 4.33 0.204 4.65 0.196 
Gender Male 3.64 0.152 4.43 0.141 4.6 0.135 Female 3.51 0.228 4.61 0.212 4.85 0.202 
Combined 
NMCI GTF 
Low 3.98 0.215 4.51 0.202 4.87 0.195 
Middle 3.21 0.215 4.19 0.202 4.54 0.195 
High 3.62 0.215 4.75 0.202 4.63 0.195 
MostHours 
Low 4.01 0.21 4.48 0.2 4.77 0.189 
Middle 3.66 0.215 4.74 0.205 4.95 0.194 
High 3.13 0.212 4.24 0.202 4.32 0.192 
TennisLife 
Familiarity 
Low 3.44 0.217 4.38 0.204 4.69 0.196 
Middle 3.43 0.217 4.38 0.204 4.71 0.196 
High 3.93 0.217 4.7 0.204 4.64 0.196 
Enjoyment/ 
Satisfaction 
Age 
Youngest 4.11 0.239 5.58 0.189 5.72 0.18 
Middle 4.85 0.245 5.44 0.194 5.84 0.184 
Oldest 5.09 0.242 5.69 0.192 6.03 0.182 
Gender Male 4.59 0.173 5.42 0.131 5.75 0.125 Female 4.87 0.259 5.9 0.196 6.12 0.187 
Combined 
NMCI 
GTF 
Low 5.29 0.241 5.69 0.191 6.07 0.182 
Middle 4.4 0.241 5.34 0.191 5.79 0.182 
High 4.34 0.241 5.68 0.191 5.73 0.182 
MostHour
s 
Low 5.26 0.224 5.66 0.184 6.06 0.172 
Middle 5.03 0.23 5.89 0.189 6.16 0.176 
High 3.74 0.227 5.17 0.186 5.37 0.174 
TennisLif
e 
Familiarit
y 
Low 4.68 0.25 5.78 0.189 5.89 0.182 
Middle 4.46 0.25 5.28 0.189 5.67 0.182 
High 4.89 0.25 5.66 0.189 6.03 0.182 
Flow 
(SFSS) 
Age 
Youngest 3.41 0.093 3.91 0.088 4.01 0.086 
Middle 3.48 0.095 3.83 0.09 3.95 0.088 
Oldest 3.69 0.094 3.81 0.089 4.03 0.087 
Gender Male 3.49 0.065 3.79 0.061 3.98 0.6 Female 3.51 0.098 3.97 0.092 4.02 0.9 
Combined 
NMCI 
GTF 
Low 3.59 0.094 3.74 0.088 3.95 0.087 
Middle 3.38 0.094 3.81 0.088 4.06 0.087 
High 3.5 0.094 3.99 0.088 3.98 0.087 
MostHour
s 
Low 3.52 0.093 3.79 0.087 4.01 0.086 
Middle 3.54 0.096 3.98 0.089 4.07 0.088 
High 3.42 0.094 3.79 0.088 3.91 0.087 
TennisLif
e 
Familiarit
Low 3.5 0.091 3.89 0.088 4.08 0.085 
Middle 3.29 0.091 3.71 0.088 3.84 0.085 
High 3.69 0.091 3.94 0.088 4.07 0.085 
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Dependent 
Variable 
BS Factor 
Name BS Factor Level 
Kinect Move RSM 
M SE M SE M SE 
y 
Presence 
(PENS) 
Age 
Youngest 3.57 0.204 3.85 0.195 4.01 0.201 
Middle 4.16 0.209 4.46 0.2 4.68 0.206 
Oldest 4.04 0.207 4.53 0.197 4.64 0.204 
Gender Male 3.84 0.145 4.16 0.139 4.38 0.145 Female 4.08 0.218 4.53 0.208 4.57 0.217 
Combined 
NMCI 
GTF 
Low 3.35 0.205 4.61 0.199 4.77 0.206 
Middle 3.7 0.205 4.03 0.199 4.35 0.206 
High 3.71 0.205 4.18 0.199 4.18 0.206 
MostHour
s 
Low 4.27 0.197 4.52 0.19 4.68 0.195 
Middle 4.17 0.202 4.62 0.195 4.81 0.2 
High 3.31 0.199 3.69 0.192 3.82 0.198 
TennisLif
e 
Familiarit
y 
Low 3.64 0.207 4.17 0.201 4.28 0.207 
Middle 3.85 0.207 4.12 0.201 4.31 0.207 
High 4.26 0.207 4.53 0.201 4.72 0.207 
Autonomy 
(PENS) 
Age 
Youngest 3.24 0.216 3.85 0.211 3.99 0.219 
Middle 4.04 0.221 4.96 0.216 4.49 0.224 
Oldest 4.09 0.218 4.21 0.214 4.63 0.222 
Gender Male 3.7 0.156 4.12 0.15 4.31 0.156 Female 3.97 0.234 4.32 0.225 4.5 0.233 
Combined 
NMCI GTF 
Low 4.36 0.217 4.47 0.212 4.79 0.22 
Middle 3.33 0.217 3.77 0.212 4.1 0.22 
High 3.67 0.217 4.31 0.212 4.2 0.22 
MostHours 
Low 4.2 0.207 4.39 0.209 4.68 0.213 
Middle 4.15 0.213 4.41 0.215 4.63 0.219 
High 3.02 0.21 3.37 0.212 3.78 0.216 
TennisLife 
Familiarity 
Low 3.43 0.222 3.99 0.214 4.15 0.223 
Middle 3.75 0.222 4 0.214 4.25 0.223 
High 4.18 0.222 4.55 0.214 4.69 0.223 
Competence 
(PENS) 
Age 
Youngest 3.85 0.222 5.08 0.197 5.42 0.19 
Middle 4.06 0.227 4.78 0.202 5.11 0.195 
Oldest 4.05 0.224 4.63 0.2 5.07 0.193 
Gender Male 4.06 0.155 4.82 0.14 5.21 0.134 Female 3.81 0.232 4.86 0.209 5.17 0.201 
Combined 
NMCI GTF 
Low 4.34 0.221 4.53 0.198 5.02 0.193 
Middle 3.93 0.221 4.85 0.198 5.31 0.193 
High 3.69 0.221 5.12 0.198 5.28 0.193 
MostHours 
Low 4.21 0.214 4.58 0.192 4.99 0.187 
Middle 4.3 0.219 5.33 0.197 5.61 0.192 
High 3.45 0.216 4.61 0.194 5.02 0.189 
TennisLife 
Familiarity 
Low 3.63 0.218 4.64 0.199 5.04 0.193 
Middle 3.88 0.218 4.71 0.199 5.13 0.193 
High 4.45 0.218 5.15 0.199 5.43 0.193 
Perceived 
Intuitive 
Controls 
(PENS) 
Age 
Youngest 4.91 0.211 5.76 0.176 5.88 0.147 
Middle 4.89 0.217 5.44 0.18 5.84 0.151 
Oldest 4.95 0.214 5.35 0.18 5.73 0.149 
Gender Male 4.85 0.147 5.44 0.124 5.75 0.103 Female 5.07 0.221 5.69 0.186 5.96 0.154 
Combined 
NMCI 
GTF 
Low 5.14 0.208 5.23 0.176 5.73 0.149 
Middle 4.48 0.208 5.53 0.176 5.89 0.149 
High 5.13 0.208 5.8 0.176 5.83 0.149 
MostHour
s 
Low 5.08 0.209 5.29 0.176 5.71 0.145 
Middle 5 0.215 5.74 0.18 6.09 0.148 
High 4.67 0.212 5.54 0.178 5.66 0.146 
TennisLif Low 4.88 0.212 5.72 0.177 5.96 0.147 
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Dependent 
Variable 
BS Factor 
Name BS Factor Level 
Kinect Move RSM 
M SE M SE M SE 
e 
Familiarit
y 
Middle 4.71 0.212 5.24 0.177 5.59 0.147 
High 5.17 0.212 5.6 0.177 5.89 0.147 
Successful 
Hit % 
Age 
Youngest 79.4 1.33 87.7 1.12 91.8 0.829 
Middle 79 1.37 84.5 1.14 89.8 0.85 
Oldest 77.9 1.35 83.7 1.13 88.8 0.839 
Gender Male 80.4 0.892 85.5 0.803 90.6 0.593 Female 75 1.34 85 1.2 89.3 0.888 
Combined 
NMCI 
GTF 
Low 78.1 1.34 83.8 1.14 88.5 0.837 
Middle 78 1.34 85.1 1.14 90.2 0.837 
High 80.2 1.34 87.1 1.14 91.7 0.837 
MostHour
s 
Low 77.9 1.33 83.3 1.12 89 0.842 
Middle 78.8 1.37 86.4 1.15 90.9 0.863 
High 79.6 1.35 86.4 1.14 90.7 0.852 
TennisLif
e 
Familiarit
y 
Low 79.1 1.35 85.2 1.16 90.6 0.861 
Middle 77.7 1.35 86.4 1.16 89.7 0.861 
High 79.5 1.35 84.4 1.16 90.2 0.861 
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Appendix N 
Study Two Preference Results 
A full breakdown of preference results for each between-subject factor group in 
Study Two is presented in the table below. These results are presented as a 
percentage of the relevant group size to enable comparisons across groups with 
different N. 
 Descriptive Statistics for Post-Play Favourite Control Interface 
 
Favourite Control Interface 
as a Percentage of Group N 
Group Name N Kinect Move RSM 
Youngest 41 2.44% 41.5% 56.1% 
Middle 39 10.3% 25.6% 64.1% 
Oldest 40 5% 25% 70% 
Male 83 6.02% 31.3% 62.7% 
Female 37 5.41% 29.7% 64.9% 
Low Combined NMCI GTF 40 10% 20% 70% 
Middle Combined NMCI GTF 40 2.5% 30% 67.5% 
High Combined NMCI GTF 40 5% 42.5% 52.5% 
Low MostHours 41 7.32% 22% 70.7% 
Middle MostHours 39 7.69% 33.3% 59% 
High MostHours 40 2.5% 37.5% 60% 
Low TennisLife Familiarity 40 2.5% 30% 67.5% 
Middle TennisLife Familiarity 40 5% 27.5% 67.5% 
High TennisLife Familiarity 40 10% 35% 55% 
Overall Sample Totals 120 5.83% 30.8% 63.3% 
 
 
